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\ UCH smaller and lighter than previous 
designs, new Allis-Chalmers potential 
transformers cut installation costs and provide 
maximum handling convenience. Less space and 
less foundation to mounting structure are re- 
quired. A fork truck or block and tackle is all 
that is needed to lift these 69-kv units into posi- 
tion. And, of course, relocating is accomplished 
just as easily. 

Performance has also been improved in both 


ratio and phase angle with the advanced design 


of Allis-Chalmers potential transformers. ‘ a POTENTIAL 


Two-Bushing Transformer 





Many other design features — features that 





assure unparalleled dependability and long life TYPE — Height | Weight 
; ' SPW-2 25 3812 280 
units. Get the complete story from your local “ SPW-3 34.5 40/2 310 

Cee as Gere ah a di ws a SPW-4 46 4812 615 
A-C representative or write Allis-Chalmers, SPW.6 ‘9 61 1160 


Power Equipment Division, Milwaukee 1, Wis. ; ae SPW-11 115 86 3400 





— have been incorporated in these modern 





Single-Bushing Transformer 
SPW-21 25 41 260 
SPW-31 34.5 44/4 285 
New Ratings have been added to the Alllis- SPW-41 46 a 460 
hal li f rentia! f rw SPW-61 69 63% 950 
Chalmers ine of porentia transtormers to include SPW-111 115 92 2310 
higher voltage insulation classes. SPW-131 138 112 3510 
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THE COVER: Picture phone in 
use is the first system using a pair 
of ordinary telephone wires. 
Picture phone caller checks posi- 
tion in front of camera by looking 
into a visual guide. Story ap- 
pears on page 1052. 


Contents 


A Versatile Remote Control System Using a Switching Matrix Decoder 
C. E. Champion, H. B. Schultheis, Jr. 
The features and operation of a frequency code remote control system having 
relative simplicity and high information capacity are outlined 
Soviet Capacity Will Not Provide for Industrial Load Growth by 1960 
J. P. Hardt 
The technological aspects of the Soviet Union’s new Five-Year Plan are dis- 
cussed with the emphasis on the problems faced in supplying electric power 
Basic Colorimetry for Color Television E. L. Michaels 
The chromaticity diagram, important to the understanding of the principles 
of color television operation, is described and derived 
Reduced Insulation in Power Systems at the Higher Voltages P. L. Bellascht 
In view of increasing high-voltage power transmission use, the need for propor- 
tioning insulation to essential requirements becomes an important consideration 
The Technical Feasibility of Translating Languages by Machine V. H. Yngve 
Word-for-word or sentence-by-sentence translations by digital computers are 
considerably faster and cheaper than if translated in the usual manner 
Heating and Mechanical Effects of Conductor Installations in Raceways 
M. M. Brandon, K. S. Geiges, L. M. Kline, F. V. Paradise 
A discussion of an investigation made to gain information on the current- 
carrying capacities of wires when installed in multiple in steel raceways 
A High Voltage Insulation Tester and Its Application to Railway Electrical 
Equipment J. K. Hewson, D. E. Stafford 
Extensive d-c testing of traction electrical equipment is made possible with a 
new type of test instrument, with results of tests included 
A Delta-B Indicator H. W. Lord 
Magnetic characteristics of toroidal cores are controlled using this delta-B 
indicator which includes a linear amplifier, and peak-to-peak voltmeter 
Electric Power Systems for Steel Plants H. N. Cox, L. G. Levoy 
A description of some of the methods for solving the electrical problems encoun- 
tered in the steel industry, one of the largest users of electricity 
Propagation Test on Microwave Communications Systems 
H. R. Mathwich, E. D. Nuttall, J. E. Pitman 
Investigations were made at 955.5 mc, 1,965 mc, and 6,730 mc to obtain data 
for designing a practical microwave communications system 
A Unified Approach to the Teaching of Electromechanical Energy Conversion 
D. C. White, A. Kusko 
This new approach is an attempt to produce an acceptable solution to electrical 
engineering curricula in the schools today 


ELECTRICAL ENGINEERING: © Copyright 1956 by the American Institute of Electrical Emgineers: printed in 
the United States of America; indexed annually by the AIEE, weekly and annually by Engineering Index, and monthly 
by Industrial Arts Index; abstracted monthly by Science Abstracts (London Address changes must be received at 
AIEE ay ree 33 West 39th Street, New York 18, N.Y., by the first of the month to be effective with the succeed- 
ing issue. Jopies undelivered because of incorrect address cannot be replaced without charge 





‘oh 


Th 


MUU 





OILOSTATIC SYSTEM 


NUT 


This 1388kv underground 
self-supervising Oilostatic 
transmission system provides 
maximum safety at low cost. 
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automatically handles 138kv 
for Utah Power & Light Co. 


Recently the Utah Power & Light Co. started opera- 
tion of the third section of its new Gadsby steam- 
electric station to supply the growing power demands 
of the Intermountain West. 

For the all-important high voltage transformer 
leads, an underground Okonite Oilostatic system was 
selected and installed by the Bechtel Corporation. 

This system consists of paper-insulated cables in- 
stalled in a welded steel pipe filled with oil maintained 
at 200 psi. The advantages of this type system are: 


1. Proved reliability, ruggedness and stability. 


2. High normal and overload current carrying 
capacity. 


. Low initial cost compared to duct systems, plus 
space savings. 
. Low maintenance cost through self-supervision. 
5. Ideal for high voltage transmission in congested 
areas. 
6. Provides maximum safety. 

Proof that Utah Power & Light can expect to get 
outstanding performance from this installation is the 
fact that Okonite Oilostatic systems have been in suc- 
cessful operation since 1932. 

For information on Oilostatic which has been in- 
stalled to handle potentials as high as 230kv, write 
for Bulletin EG-1044. Address: 


The Okonite Company, Passaic, New Jersey. 


available with either copper or aluminum conductors 


M ON ITE ® insulated cables 
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PROVEN WET-STEAM CURING PROCESS MAKES 


General Electric cast-in-concrete 
reactors stronger, more reliable 


37 YEARS OF SERVICE have been achieved by these G-E cast-in- 
concrete reactors at Fall River Electric Light Co., Fall River, Mass. 
Twelve reactors, installed in 1919, are as strong as ever and have 


required practically no maintenance. 


RELIABILITY that begins at the moment of installation 
and lasts through a longer life is assured to you by 
General Electric’s time-proven methods of manufac- 
turing cast-in-concrete reactors. Using its exclusive 
wet-steam curing process, G.E. achieves in two days a 
degree of concrete curing which would be obtained 
only after several weeks of normal, in-service curing. 
This unique 180° C steam bath gives you stronger, 
more reliable reactors than any other curing method 
in use today 

PROOF OF THE STRENGTH of properly cured concrete 
reactors is demonstrated daily by thousands of G-E 
reactors in service across the country (see photo left). 
For other benefits of G-E reactors, contact your local 
G-E Apparatus Sales Office or write General Electric 
Company, Schenectady 5, New York. 422-32 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 
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conium Oxide... 


More Materials. Alumina, Cordierite, Forsterite, Mag- 


nesium Silicate, Steatite, Titanium Dioxide, Zircon, Zir- 
to name a few! Custom formulations 
of special-characteristic materials to meet special needs. 


®. CD. D. GD. 
Sn Sl See 


More Production Facilities. The right combination of 
equipment for efficient and economical production in 
any quantity, large or small! FAST DELIVERIES! Great- 
est lineup of high-speed automatic presses in the 
industry: Small tablet varieties, multi-impression rotar- 
es, huge hydraulics. Tooling from our own die shops. 
Vast kiln space—including controlled atmosphere, 
continuous firing. 

















A Subsidiary of 
Minnesota Mining and 


For service, contact Minnesota Mining & 


Se AMERICAN LAVA 
femcrracsuring Company << <) g& oO ine Fe fe) R A Y 4 i oO N 


Co. Offices in these cities (see your local 





More Latitude in Design. Simplest to most complex. 
Broad tolerance shapes supplied at prices below those 
of almost any other material. Precision tolerances on 


intricate shapes. Over half a century of specialized 
experience in producing ‘‘impossibles.’’ Free redesign 
service for lower production costs, easier assembly, 
improved performance. AlSiMag Extras: High tempera- 
ture metalizing, metal-ceramic combinations. 


Why not see what AlSiMag can do in your application? 
Blueprint or sketch plus outline of operating procedure 
will bring you complete details. 









CHATTANOOGA 5, TENN. 
SSTH YEAR OF CERAMIC LEADERSHIP 








directory): Atlanta, Ga. * Boston: Newton 


Manufacturing 
Center, Mass. * Buffalo, N. Y. * Chicago, Ill. * Cincinnati, O. * Cleveland, O. * Dallas, Texas * Detroit, Mich. * High Point, N. C. * Los Angeles, 


Calif. * New York: Ridgefield, N. J. * Philadelphia, Pa. * Pittsburgh, Pa. * St. Louis, Mo. 


. * St. Paul, Minn. * So. San Francisco, Calif. * Seattle, Wash. 


Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 757, London, Ont. All other export: Minnesota Mining & Manufacturing Co., 
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The “‘weigh”’ of a lineman’s life. . . is eased by Burndy 
developments that lighten the job of connecting overhead. 
The Crimpit compression program, for example, 

lets linemen make completely stable, permanently 
corrosion-free connections on copper or aluminum with 
minimum. time and effort. Their tools are lightweight 

.. . work easily, accurately, swiftly. The Hypress shown 
in this action weighs but 13 Ibs.—delivers 12 tons 

of force! Crimpit taps and splices are typical of the 
improved connection methods Burndy has developed thru 
years of cooperation with utility people. For brochure 
CR-1A, an up-to-date report on this new approach 

to overhead distribution, write Burndy, Norwalk, 
Connect. Other factories: New York, California, Toronto; 
export: Philips Export Company. 
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electri onnectors and tools for overhead distribution 





The Cage of WACTED 
HORSEPOWER 


““Over-motoring”’ is outmoded 


by Dow Corning Silicones 


SCENE: Pump room, Anyplant, U.S. A. 

CHARACTERS: Tiny H.—a 5 hp Class H motor 
insulated with Dow Corning Silicones. 
BLUSTER A. a 714 hp Class A motor. 

TINY H: You're goofing-off again! Why don’t you 
try moving a bigger load now and then? 

BLUSTER A: Nuts to you, Tiny. I’m working hard 
enough keeping this little pump going. 

TINY H: But you're strong enough to drive a big- 
ger pump... or are you? 

BLUSTER A: That’s enough. I should worry—the 
engineers who put me here figured I might 
have to carry a 6 hp load—er—once in a 
while, at least. 

TINY H: Sooo what! I’m rated to match our aver- 
age load. My silicone insulated innards 
give me extra muscles to carry any over- 


Get sources for silicone insulated equipment—mail coupon today 


Dow Corning Corporation, Dept. 4111, Midland, Mich. 


Please send me sources of supply for new Silicone 
(Class H) [© Motors [J Transformers 


NAME 





COMPANY 
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loads. Why—I could pump a 7 hp load and 
still be here when you’re dead and gone. 


BLUSTER A: Shut up, Tiny! Somebody might 


hear you. 


TINY H: Okay, fat stuff, but you can’t hide the 


facts forever. Mark my nameplate—one of 
these days the boss will figure out how much 
money you're wasting and you'll have had it. 


You can match the load... 
let Silicones carry the overload 


Lazy motors cost money! Why continue to pay a fat 
premium for motors that make kid’s play of, their average 
work load? Today, you can save money by using silicone 
insulated motors rated to match your average load. Their 
built-in service factor of 25 to 50% will handle most inter- 
mitient overloads or loads that can’t be matched in 
standard frame sizes. 


Remember, over-motoring is outmoded 


DOW CORNING 


SILICONES 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 


ATLANTA * BOSTON * CHICAGO «+ CLEVELAND «+ DALLAS 

DETROIT * LOS ANGELES * NEW YORK * WASHINGTON, D. C. 
(Silver Spring, Md.) 

CANADA: Dow Corning Silicones Ltd., Toronto 

GREAT BRITAIN: Midland Silicones Ltd., London 

FRANCE: St. Gobain, Paris 
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LEFT: Full-size tension test piece of copper necked down and broke away from the high-speed resistance flash welds. CENTER: Round 
(1.25” diam.) and rectangular (0.50” x 1.50”) aluminum conductors resistance—flash-welded to copper. In the 90-degree bend test, 
fracture did not occur at the weld. In tension test, aluminum necked down, but the weld was unaffected. RIGHT: Test samples of coppet 
(.344” x 2.25”) bent edgewise at the welded joint, without fracture 


High-speed resistance Flash Welds offer New Freedom 
in design of Continuous Conductor Assemblies 


After considerable experimentation and testing, Ana- These high-speed resistance flash welds offer new free- 
conda American Brass Ltd. in Canada is now joining dom in the design of continuous conductor assemblies. 
conductors to form continuous assemblies for generator Other methods of strong, ductile welding, braze-weld- 
coils with high-speed resistance flash welds. A 400-KVA ing, and silver-alloy brazing may also be used to join 
Thomson Synchromatic Flash Welder is used. Anaconda High Conductivity Copper Conductors in 

Proof of the strength of the welds is indicated by the shop or in field erection. Write for the new edition 
photos of the test pieces above. of Publication C-25, “Anaconda Copper for Electrical 

The tension test piece, shown at the left, necked Conductors,” and Publication B-13, “Anaconda Weld- 
down and broke in the copper, away from the weld. ing Rods.” Write: Technical Department, The American 
Size tested x 2.9! Brass Company, Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New Toronto, Ontario, 
Canada. 


Maximum load 
Ultimate tensile strength. . .31,200 lbs. per square inch 


Elongation in 2 inches at fracture 70 per cent A A 
Elongation in 2 inches across the joint 35 per cent NACOND 


THERE’S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 
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WIRE & ROD FLAT T T 
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LOADBUSTER is ruggedly built for 
repetitive service with S&C open cut- 
outs wherever they are applied. There 
is no broken link to replace after 
switching. Both the cutout and LOAD- 
BUSTER are ready immediately for 
repeat service. Moreover, the high in- 
terrupting capability of LOADBUSTER 
permits load breaking even when the cutout carries the 
200 ampere disconnect blade. Also, it can interrupt any 
steady overload the cutout may be carrying (as much 
as 200 amperes with a 100 ampere link). 


@ Put LOADBUSTER on each of your line trucks 


® With it your lineman is ready to break the circuit instant- 
ly up and down your distribution system 


@ It just hooks across an SaC:disconnect or S&C open-type 
cutout to provide safe, arc-free interruption 





coc A LOADBREAK TOOL 


With the advent of the revolutionary LOAD- 
BUSTER, an entirely new concept in circuit switch- 
ing is born, one that brings complete, positive, safe 
switching for distribution systems within the reach 
of any utility’s pocketbook. For LOADBUSTER is 
a circuit interrupting device which is portable, is 
repetitive, and is universal. 

Disconnects and cutouts inherently have no posi- 
tive switching capability. To get it, some interrupt- 
ing means must be built into them. For example, a 
link breaking device must be built into an open cut- 
out; an interrupting unit into a disconnect which 
then makes it a load interrupter switch. This costs 
money !!! BUT, bringing the interrupting device to 
the disconnect or cutout only when needed elimi- 
nates this cost ... that’s what LOADBUSTER does 

. it’s a loadbreak tool. 

With LOADBUSTER you can drop all tedious, 
uneconomical, and unsafe switching practices. At- 
tached readily to a universal pole, LOADBUSTER 
is simply hooked across the upper contact of a dis- 
connect or cutout which is then opened in the nor- 
mal way. It’s just that easy! There’s no arc, no link 
breakage, no fuss, no worry, no contact burning, 
and no danger to the operator. After use, LOAD- 
BUSTER is returned to the truck ready for instant 
use again anywhere. 

LOADBUSTER can be used over and over again. 
It will withstand daily field usage over a long period 
of time without requiring maintenance. On the 
other hand, because it’s portable, it’s available for 
easy inspection. It’s a circuit interrupting device 
that can always be kept in top-notch condition. 

LOADBUSTER is operable at any distribution 
system voltage through 14,400 volts, and is able to 
break all load currents through 400 amperes, as well 
as associated magnetizing and charging currents. It 
can also switch all pole-top capacitor banks. 


Ask for Descriptive Bulletin No. 730. 


LOADBUSTER provides arc-free circuit interruption with S&C 
disconnects rated 400 amperes and 14.4 kv. It also will be 
usable with an S&C pole-top regulator switch. 


Specialists in High-Voltage Circuit Interruption dimnce 1910 


4427 RAVENSWOOD AVENUE + CHICAGO 40, ILLINOIS, U. S. A. 
In Canada: S&C Electric Canada, Ltd., 8 Vansco Road, Toronto 14, Ontario 


POWER FUSES © CUTOUTS AND FUSE LINKS ¢ LOAD INTERRUPTERS © METALCLAD SWITCHGEAR 





Designed with the architect and 


engineer in mind... Westinghouse 


* 4 * 





Any building deserving of an architect and an electrical engineer also 
merits the finest in functional equipment. For, this is the very life of any 
building; the yardstick by which its efficiency is measured. That’s why, 
when thinking of controls—and, when looking for a starter—you should 
look to the Westinghouse Life-Linestarter. 

There are 5 basic reasons why you should select a Westinghouse Life- 
Linestarter for your clients: (1) There’s a complete and uniform line; 
(2) They’re far-advanced in design; (3) Westinghouse offers complete 
application and service facilities; (4) Delivery is immediate; (5) They are 
competitively priced. 

For complete information on Westinghouse Life-Linestarters, call your 
local Westinghouse sales engineer—or, write Westinghouse Electric Corp., 
3 Gateway Center, P.O. Box 868, Pittsburgh 30, Pennsylvania. J-21975-x 


*Trade-Mark 


WATCH WESTINGHOUSE! 


WHERE BIG THINGS ARE HAPPENING FOR YOUs 
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A Versatile Remote Control System 


Using a Switching Matrix Decoder 


C. E. CHAMPION 


The features and operation of a new frequency 

code remote control system are described. 

Among its advantages are relative simplicity 

and high information capacity, with no need for 

synchronization between transmitting and re- 
ceiving stations. 


techniques in the communications art is the elec- 
trical transmission of audio-frequency tone signals 
for remote selection and control of various types of machines 
and apparatus. These techniques have probably attained 
their highest state of development and utility in such appli- 
cations as remote supervisory control of electric power 
stations, radio stations, pumping stations, and for selective 
calling in vehicular communication systems. 
Although present-day signaling systems differ 
markedly in physical construction and circuit details, all 
have one basic principle in common: 


O* OF THE OLDEST and most widely used 


tone 


the transmission 
over a single communication channel of a discrete combina- 
tion of audio-frequency tones to effect one of several pre- 
determined remote control functions. Each combination 
of tones is a distinct code which is accepted by one, and 
only one, of the several remotely controlled devices, and 
rejected by all the others. The individual tones comprising 
a coded signal may be time spaced, as in pulse code systems, 
or frequency spaced, as in frequency code systems. Certain 
remote control systems use a combination of these two 
basic methods. For a given remote control application, 
the choice of the optimum methods of coding and trans- 
mission involves compromise between equipment com- 


Fig. 1. Control sta- 
tion equipment 





used 
in frequency code 
supervisory 


systems. 


control 
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H. B. SCHULTHEI!S, 


Champion, Schulthets—Remote Control System 


JR. 


plexity, bandwidth, rates of transmission, the number of 
control functions to be accommodated, environmental 
conditions, and the degree of reliability required. 

Conventional telephone lines, power line carrier-current 
channels, vhf, and microwave radio links are communica- 
tion media which are widely used in tone signal remote 
control systems. 

FREQUENCY CODE REMOTE CONTROL SYSTEM 

A PURE FREQUENCY CODE data transmission system has 
been used successfully in high-accuracy telemetering appli- 
cations.' This system is relatively simple, possesses a high 
information capacity, and has the unique advantage of 
requiring no synchronization between transmitting and 
receiving stations. Recently, the frequency code system 
has been adapted for use as a supervisory control system 
(Electro-Span) designed for ON-OFF remote control of such 
equipment as motors, pumps, actuators, valves and switch- 
gear over voice-bandwidth telephone lines or radio chan- 
nels. ‘Typical control station equipment and remote sta- 
tion equipment are illustrated in Figs. 1 and 2. 

A simplified block diagram of the frequency code remote 
control system is shown in Fig. 3. In this elementary 
system, the control station consists of a group of tone oscilla- 
tors of different frequencies, a coding switch for each re- 
mote control function, an output amplifier, and a power 
supply. The remote station includes an input amplifier, a 
group of tone detectors tuned to the frequencies of the tone 
oscillators, and a novel decoding circuit which converts 
each incoming frequency code into a signal actuating one 
of the several load-control relays. The individual tones 
comprising each coded control signal are transmitted and 
received simultaneously. Separate control codes may be 
transmitted in any desired order, the rate being limited only 
by the speed and skill of the operator. 

Each control code consists of a discrete combination of 
presences and absences of the available tones which, taken 
together, may be regarded as a binary number with each 
tone representing one digit. When a control switch is 
operated, certain tones are connected through the switch 
to the output amplifier, and all other tones are blocked. 
This composite tone signal (tone chord) is amplified and 
transmitted over the communication link to the remote 
station where it is again amplified and fed to the common 
input circuits of the group of tone detectors. Bandpass 
filters at the input of the tone detectors separate the com- 





A special article recommended for publication by the AIEE Committee on Communica- 
tion Switching Systems. 


Cc, E. Champion and H. B. Schultheis, Jr., are with the Bendix Aviation Corporation, 
North Hollywood, Calif. 
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posite signal into its individual tone components, each of 
which is amplified within its respective tone detector. 
\ multicontact relay connected to the output of each tone 
detector is energized when the proper tone is present in the 
received code and remains de-energized if that tone is 
absent. Thus, the group of tone detector output relays 
reproduces momentarily the binary number applied to the 
input of the system through closure of the control switch. 


FONE CHANNEL EQUIPMENT 


[HE TONE FREQUENCIES normally used in the frequency 


code remote control system range from 500 to 3,500 cps 
cycles per second), with 200-cps separation between ad- 
jacent tone channels. Ten tones can be accommodated 
within the spectrum 500 to 2,300 cps provided by an ordi- 


The 


input and output amplifiers have sufficient gain to permit 


nary voice-quality telephone line or radio channel. 


1 signal-path attenuation of as much as 30 db. 

A single tone oscillator and a tone detector are illustrated 
n Fig. 4. Both units are of plug-in construction, using 
Both are designed for continuous 
The tone oscillator uses a 6SN7GT 
twin triode connected in a stabilized Wien bridge circuit. 


printed circuit wiring. 


unattended operation. 


[he maximum frequency shift is +1/2 per cent within the 
ambient temperature range —20 C to +80 C, and when 
subjected to supply voltage variations up to +20 per cent. 

The tone detector consists of a simple bandpass filter, 
1 OSJ7 voltage amplifier, and a 6A4G7 power amplifier- 
rectifier. An input tone of 0.75 volt rms of the proper 
frequency produces a d-c output of 0.8 watt, which is suffi- 
The 


bandpass filter has a 3-db bandwidth of 60 cps, and pro- 


cient to actuate a multicontact telephone-type relay. 


vides an adjacent channel attenuation of approximately 
28 db 
NUMBER OF 


FONE CHANNELS AND CODE SELECTION 


THE NUMBER OF TONE CHANNELS required in a particular 
application depends upon the number of remote control 
functions to be performed. An 8-tone system provides 
sufficient capacity for 32 on- 


OFF control functions, and a TONE 


osc 


CODING 


° | 
typical 9-tone system can ac- one 





commodate 46 on-oFrF func- 


CODING 
SWITCH, 
FUNCTION 

NO. | 





tions. In these systems, one 


of the tones, called a “‘guard 
control 


tone,’ conveys no 


code information. The guard 





CODING 
SWITCH, 
FUNCTION 

NO. 2 


tone accompanies each trans- 








mitted control code, provid- 











ing a frequency redundancy 
which reduces the possibility 
of inadvertent response of the CODING 
SWITCH, 


| FUNCTION yi 
NO. 3 


receiving equipment to noise 
or interfering signals. 

In a frequency code signal- 
the 


individual 


ing system, maximum 


conme | 
SWITCH, | 
FUNCTION 


5 ee 
which can be generated is 2”, NO. 


number of codes 
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where n is the number of 
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the 
An 8-tone system, 


Using one tone as a guard tone, 


yn-1 


tones available. 
number of codes is reduced to 
therefore, has a capacity of 2’, or 128, separate codes, 
providing theoretically 64 oN-orr functions. 

However, there are practical reasons why all of the codes 
cannot or should not be used. For example, the single 
code with all tones absent is unusable because it cannot be 
distinguished from the normal stand-by condition when no 


control signals are being transmitted. 


Fig. 2. 
tion equipment used in 


Remote sta- 


frequency code super- 


visory control  sys- 


tems. > 


teeetidedd 


Fig. 3. Simplified 
block diagram of fre- 
quency code remote 


contro! system. W 
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Fig. 4. Tone oscillator and tone detector. 


System reliability can be somewhat improved by deleting 
those codes which are comprised of a large number of ON 
tones. This reduces the degree of voltage regulation re- 
quired of the tone detector high-voltage power supply, and 
also reduces the maximum system noise level due to inter- 
modulation and crosstalk. The limit placed on the maxi- 


mum number of tones present in a transmitted code is 
somewhat arbitrary, but use of codes of up to four ON tones 
(plus guard tone) has proved to be a satisfactory compromise 
in the Electro-Span frequency code system. 

Deletion of certain codes can also simplify the decoder 
number of contacts 


With the type of de- 


circuitry through reduction in the 
required in the tone detector relays. 
coding circuit used in the frequency code system, only those 
codes which require no more than four Form C contacts 
(4-pole double-throw) on the tone detector output relays 
are used. 


THE SWITCHING MATRIX DECODER 


THE PRINCIPLES OF OPERATION of the Electro-Span 
frequency code remote control system have been described 
up to the point where the binary control signal has been 
received, detected, and held momentarily in the tone de- 
tector output relays. At this point in the system, the coded 
signal must be converted into a single signal which actuates 
the proper on-OFF load control relay. 

The common method of connecting relay contacts to 
select one of a number of load elements is in a “‘tree circuit.’’? 
This method is satisfactory where the number of controlled 
devices is few (not more than eight or so), but becomes cum- 
bersome and somewhat costly if a larger number of load 


elements must be controlled. Some saving in the re- 
quired number of relay contacts may be effected by “‘fold- 
ing” parts of the tree circuit, but this is still unsatisfactory 
where many load devices must be controlled. 

In the frequency code remote control system, this prob- 
lem has been largely solved through the use of a switching 
matrix circuit adapted from the previously described fre- 
quency code telemetering system.' The reduction in the 
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required number of relay contacts offered throug! 
this circuit is illustrated in the 4-digit matrix of Fig. 

The circuit of a 7-digit switching matrix is.shown in Fig 
6. The 


groups, each of which is arranged in a “transfer tree 


7-tone detector output relays are divided into tw 
circuit [he contacts of one group of relays are connecte 
to the horizontal conductors of the matrix, and the con- 
tacts of the second relay group are connected to the vertical 
conductors. In the illustrated matrix circuit, there are § 
horizontal conductors and 16 vertical conductors, maki 
128 crossovers. This corresponds to the 128 binary nun 
bers of a 7-digit code. However, because of code pairing 
only 64 of the available codes, and therefore only 64 cross- 
overs in the switching matrix, are used in this example 
At each of these 64 intersections a load control relay coil, 
series with a neon lamp, is connected between a horizont 
conductor and a vertical conductor. 

When a binary control signal is received and held in the 
tone detector output relays, the relay contacts apply full 
matrix voltage to only one of the intersections, causing the 
load control relay bridged across that intersection to op- 
erate. The neon lamp connected in series with each load 
control relay coil serves to isolate the selected coil from al! 
other coils in the matrix, thus preventing inadvertent op- 
eration of one or more unselected relays through ‘‘sneak 
circuits’ which would exist if no isolation were provided 
1 and 2 the load control 
One 


In the system illustrated in Figs 


relays are of the opposed-coil, mechanical-latch type 
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Fig. 5. 
two contacts on second and fourth relays). 
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coil of the latching relay is bridged across an ON-code 
intersection, and the other across an OFF-code intersection, 
permitting direct control of motors, actuators, switchgear, 
and similar apparatus having power demands of up to 
500 watts. 

In the circuit of Fig. 6 it will be noted that the guard- 
tone relay contacts are in series with the matrix supply 
voltage. By using a slow-operate coil on the guard-tone re- 
lay, the matrix voltage is applied only after all the other 
tone-detector output relays have selected the proper matrix 
intersection, thus preventing errors resulting from random 
operating sequence of the tone detector relays. 

A plug-in load control relay unit, containing the 2-coil 
latching relay and the two neon lamps, is shown in Fig. 7 


AUXILIARY EQUIPMENT FEATURES 

IN ADDITION TO THE BASIC FUNCTION of providing remote 
ON-OFF control, the Electro-Span frequency code system 
includes a number of technical operating features which 
enhance its usefulness and reliability. Many of these ad- 
ditional features have been included to meet the per- 
formance objective prescribed for supervisory control sys- 
tems by the AIEE Joint Subcommittee on Telemetering.® 

One of the most important of these features is the auto- 
matic verification of the reception and completion of 
control signals. In the frequency code system, this is 
accomplished through transmission of a confirming tone 
code from the remotely controlled equipment back to the 
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the confirming code causes an 
ON lamp or oFF lamp to light 
near the control switch, thus 
indicating that the control order was received and acted 
upon at the remote station. The equipment and circuitry 
used in the transmission and reception of confirmation codes 
are duplicates of those previously described for transmis- 
sion and reception of control codes. The entire process of 
control, actuation, and confirmation is accomplished in less 
than 1/2 second. 

Another auxiliary feature in the 8-tone system is auto- 
matic transmission from the remote station of up to six 
warning codes. These codes are transmitted whenever a 
predetermined fault occurs, such as overtemperature in a 
generator bearing, stoppage of a pump, or unintended 
tripping of a circuit breaker. The warning code, when 
received at the control station, causes a red lamp to light 
and sounds a buzzer. The six warning circuits may be 
tested manually by transmitting a test code from the control 
station to the remote station, whereupon the warning 
codes are automatically synthesized and transmitted se- 
quentially to the control station, lighting the warning lamps. 

In over eight months of test and operation, the Electro- 
Span frequency code remote control system described 
herein has proved to be accurate and dependable. 
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Analytical Design 


M. J. KELLY 


N AUTOMATIC DATA-PROCESSING MACHINES 
many forms of electromagnetic devices are used. Since 
the current trend is to higher speed machines, the empirical 
method of electromagnetic design is no longer adequate. 

Mathematical calculation of the operating character- 
istics of electromagnetic devices, such as relays, has been a 
difficult laborious task because of the implicit and non- 
linear relationships of the variables. By making use of a 
large-scale digital computer such as the International 
Business Machines Corporation’s (IBM) Model 650 mag- 
netic-drum calculator, the flux, current, armature dis- 
placement, etc., may be computed as a function of time. 
A complete solution may be obtained in a few minutes. 

The method of solution requires that each variable be 
described mathematically as accurately as possible. To do 


this, certain for magnetization curves, 


The 


approximations 


mechanical work, and other variables must be made. 


am Be 


simple 2-leg magnet. 


Diagram of 


Fig. 2. Current vs 


lime curve——dynamic 





condition. 


magnetization curves are approximated by a hyperbolic 
The 


luctance is calculated by the method outlined by Roters? 


function, as suggested by Froelich.! magnetic re- 


and refined by Wagar and Peek.* The final result will not 
be exact, but will be within the normal range of physical 
The 


been checked against experimental data obtained from 


variations encountered in a model. results have 


closely measured laboratory models with a high degree of 
accuracy. ‘The utility of this method is the ability to run a 
large number of solutions with a minimum of human effort. 
As the parameters of the magnet are varied, the approach 
to the optimum operating characteristics may be analyzed 
and additional direction given to the design. 

The method of solution is extended to cover the three 
basic types of nonpolarized magnet structures; these are 
the 3-leg, Fig. 1 shows 


2-leg, and flat E-shape cores. 
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the elements of a simple 2-leg magnet. The mechanical 
equation for the system, if friction is neglected, is 


'S 
M. 2 + KS+F, = Fit } 


dt 
Driving force F(t) is a function of the magnitude of the 
magnetic flux ¢, which is also a function of time 


‘hes = ~ 
o= | a 
a N 


Electrical energy absorbed by the system is 


E, - faa 


where ¢= 


N do/dt 
3 
Mechanical energy extracted from the system is 


Em = J MVdo+ f KSds+ f Fas 


It follows that the instantaneous value of the energy in 


the magnet must be 
E,=E,—Em 


The term Ey may be evaluated and solved for the in- 
stantaneous current. It then follows that flux, armature 
velocity, etc., may be calculated by numerical methods. 
An iterative procedure will result in the complete solution 
of the system characteristics. 

Fig. 2 shows the form of the current rise with the armature 
blocked When the 


magnet yoke consists of low-resistivity material, the meas- 


open and when allowed to move. 
ured current is usually greater than the calculated current 
at a given instant in time. This difference is attributed to 
the additional current required to sustain the eddy currents 
the 
velocity, etc., agree closely with measured values, even 
The method 


of calculation does not include the effects of eddy currents. 
by 


in magnet. However, the armature displacement, 


though the discrepancy in current exists. 


Several electromagnetic devices have been designed 
means of this technique, giving a high degree of optimiza- 


tion; also some existing units having been redesigned 


with a marked improvement in performance and reliability 
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Soviet Capacity Will Not Provide for 
Industrial Load Growth by 1960 


JOHN 


According to the Soviet paper, Pravda, ‘‘Elec- 

trification is the basic problem in the economic 

development of the country.’’ The attainment 

of the 1960 production levels, in accordance 

with the sixth Five-Year Plan, depends upon 

the planned expansion of the electric power 
industry, as described. 


N 1960, the Union of Soviet Socialist Republics’ 
l USSR) production will come closer to comparable 
levels with the United States’ industry than at any time 

in history, if the sixth Five-Year Plan adopted in Moscow 
20th Party At- 
f these 1960 production levels hinges upon the 


it the Congress this February is fulfilled. 
tainmen 
planned expansion of the Soviet electric power industry, for 

necess 


increases in industrial labor productivity 


vastly increased electric power supply per 


Malenkov, 


Electric Power Industry, specifically sets 


dustrial worker. Georgi ex-Premier and 


Minister of the 
the needed growth in industrial labor productivity from 

6 to 1960 at 50 percent. To bring about this improve- 
ent, Malenkov stated that 65 per cent more electric power 
t De 


mus 


available for each industrial worker in 1960. 


[he improvement in the level of industrial labor pro- 


luctivity per man-hour is particularly important for the 


sixth Five-Year Plan, as pointed out by Premier Bulganin 
recently, because of the current 


shortage of industrial 


labor. A large influx of labor from the countryside will 


not be possible during this Plan period, presumably because 
of the crisis in Soviet agricultural production. 

A provision for much more industrial drive, powered by 

lectricity—that 


Malenkov 


productivit Che 


electrification of industry referred to by 


is crucial to the increase in industrial labor 


crux of the electric power supply prob- 


n for Soviet industry is the question of whether sufficient 


dependable capacity, plus adequate reserves, can be pro- 


ided in all the major industrial regions. 


Recent disclosures in the Soviet press indicate that the 


inned increase in the supply of electric power for Soviet 


ndustrial workers, with its attendant implications for the 


conomic struggle between the Soviet and United States 


onomies, will not be forthcoming in 1960 Chree reasons 


for this Plan failure in the Soviet electric power industry 


ll be presented in this article: (1) The 42 million kw of 


new capacity scheduled, as shown in Table I, will not be 


installed by 1960. 2) Even if the 320 billion kwhr of 


electricity are generated according to plans in 1960, the 
military-oriented industrial functions of Soviet industry, 


like atomic energy production, will continue to expand their 
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relative portion of the total electric power supply at the 
expense of the portion allocated to industrial drive. (3) 
Shortages of dependable capacity and inadequate reserve 
margins will continue to load to industrial power shortages 
during peak periods, even in those regions where new sta- 
tions are constructed on schedule. 


AMBITIOUS PROGRAM FOR 1960 
STATION CONSTRUCTION during the new Plan period rep- 
resents an unusually ambitious program for capacity ex- 
pansion, as indicated in Table I, and one which is unlikely 
to be met. 


No Five-Year Plan targets have been reached to date. As shown 
in Table I, the new capacity scheduled for the peacetime 
Plan periods from 1928 to 1955 have fallen short from 12 
per cent for the fifth Five-Year Plan to 45 per cent for the 
second Five-Year Plan. An important aspect of the Soviet 
planning procedure is an attempt to“‘balance the estimates,” 
that is, equate the supply and demand for goods, throughout 
the economy in any given Plan. Asa result, it can only be 
concluded that the failure to meet the planned levels in 
capacity installation resulted in shortages of power, partic- 
ularly during periods of maximum demand. 


Drastic increase in yearly rate of capacity installation scheduled. 
As a basis for the belief that in 1960, for the first time, all the 
capacity scheduled would be installed, one is tempted to 
point to the fact that the last Five-Year Plan ending in 
1955 came closer to fulfillment than any of the previous 
ones. This view might be warranted if it were not for the 
tremendous increase in the planned yearly rate of capacity 
installation in the new Plan to a level of over 8 million 
kw per year, almost triple the highest previous rate. This 
large increase was dictated in part by a desire to attain the 
United States level of some 10 to 13 million kw per year 
according to Aleksandr Vinter, one of the leading Soviet 
electric power authorities. 

Also, indicative of the ambition of the Plan for 1960 is the 
fact that the Plan was recently drastically revised upward. 
The long-run Soviet goals for 1960, set by Stalin in 1946 and 
reiterated by Premier Bulganin in July 1955, called for 60 
about 18 million kw less than the Plans an- 
1956. The 
revision of plan almost equals the total installed capacity 
in 1950. 


million kw o1 


nounced in January increase alone in this 


Chis upward revision transformed an ambitious 
program representing a yearly rate twice the previous high, 
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to a program that will not be maintainable according to 


present indications. 


Hydro construction projects still a Soviet headache. The hydro- 


electric capacity installed in the sixth Five-Year Plan is 


scheduled to increase from 3.7 to 9.9 million kw. During 
the postwar period, the extended construction times re- 
quired by hydroelectric projects have been largely respon- 
In the 


first postwar Plan period, as little as 30 per cent of the sched- 


sible for the Plan failure for capacity as a whole. 
uled hydroelectric capacity was installed by 1950. During 
the second postwar Plan period, terminating in 1955, the 
percentage of fulfillment was still only 43 per cent for the 
hydroelectric projects. 

Volga fell behind 
This project, described when undertaken as the 


at 2.1 million kw 


Even the Kuibyshev station on the 
schedule. 
largest in the world in terms of capacity 
must have had a high priority. Its retarded construction 
has not been ignored in the Soviet press. Originally, the 
was to be completed by 1955. As late as 
Pravda that the first 
December 20, 1955. In 
the 


a small portion of the 


entire project 


August announced in 


1955, it was 
would be available on 
1956, 


pleted first section, representing 


power 


February Soviet writers indicated that com- 


total capacity, is operating. The difficulties of such an 
important project illustrate only a small number of the 


problems encountered in less publicized hydroelectric 
projects. 

Undismayed by the problems faced by the construction 
of such projects as the Kuibyshev station on the Volga, 
Soviet planners have announced even more grandiose 
plans for new stations in the Siberian sections, as indicated 
in the map. Many of the problems that arose to delay the 
completion of the Kuibyshev station—late equipment de- 
poor weather, 


etc.—present even more formidable challenges to Soviet 


liveries, faulty construction equipment, 
builders in the eastern regions. Where will the equipment 
for the Irkutsk and Bratsk stations near Lake Baikal be 
made? Will the equipment be constructed in the Lenin- 


grad factories for transport over 3,000 miles? Moreover, 
how can the Irkutsk station be constructed at a more rapid 
rate than the Kuibyshev station, as is planned, with more 
adverse weather problems to combat? 

Even if all the hydroelectric stations were operating by 
1960, as scheduled, the share of hy- 
dro capacity in the total capacity in 


the Soviet electric power industry Table L. 


} 


droelectric Stations are expec ted to take 
in construction, new stations schedulec 
not be expected to be 
the 


Union 


in operation by 


with poor record of hydroelectric projects 


Soviet [This underlines the 


dominance of steam stations in the Soviet electric powe 


industry. 

Steam projects face new problems for 1960. For the first time 
since World War II, the completion of steam stations may 
The prewal 
problem in steam station construction was the shortage of 
“The 
i 


decidedly 


provide a bottleneck in Soviet electrification. 


equipment. As Bulganin stated in February 1956, 


machine-building industry is faced with a 


difficult task in making the electric equipment for steam 
stations.’’ 


The production of turbines, for example, is to be in- 


creased by 2.5 times from 1956 to 1960. That turbine pro- 


duction is to supply the equipment for the expansion of the 


annual rate of steam capacity installation by 2.7 


from a yearly rate of 2.8 million kw in the fifth to 7.2 


million kw during the sixth Five-Year Plan. As a good 
part of the increased steam capacity dates from 6 months or 
less before the start of the Plan period, and as the construc- 
tion of new electric machine-building plants takes consid- 
erable time, it seems fair to assume electric equipment for 
steam stations may again be a bottleneck for Soviet electri- 
fication. 

In addition, new models are being introduced in steam 
equipment for the new Plan period. The steam pressures 
and temperatures in the new boiler equipment are to be 
raised to 1,985 pounds per square inch (psi) and 995 to 
1,000 C, from a previous high for standard equipment of 
1,324 psi and 932 C. 


turbogenerator plants is to be raised from 25 and 50 thou- 


The average capacity of the new 
sand kw to 100 and 200 thousand kw. ‘The construction 
of the new factories for the latest type equipment represents 
Maxim Saburov, 


chairman of the State Planning Commission. 


a special problem, as emphasized by 


Moreover, as in the case of the hydroelectric ‘stations, 
many of the new stations will be constructed in the eastern 
regions. If, as in the past, the new electric machinery is 
constructed in the traditional sources like the Leningrad 


factory, ““Electrosil,” then bottlenecks in supply, occasioned 
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will remain at its 1955 level of about 
11 to 12 percent (about 18 per cent 
This 
would not have been the case if the 
old target of 60 million kw for 1960 


5-Year Plan 


of the total kwhr generated). 


Periods 


were still in force. But the increased 
Capacity requirements in the new 
Plan announced in January 1956 
were apparently entirely represented 
by either steam or atomic stations— 
about 16 million in steam 
and from 2.0 to 


stations 


2.5 millon kw in 


Total at End of 
Plan Period 


New Capacity Added 
in Plan Period 
_ Yearly Rate of 
Actual Installation 


Per Cent 


Actual Planned Fulfillment 


)( plan 





atomic stations. As the large hy- Wartime loss 
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million kw 
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by slow construction of machinery and compounded by 
transportation delays, will cause increases in steam capacity 
to fall behind the level scheduled for 1960. 

In expanding atomic power capacity, the Soviets have 
stolen the march on the British. The British had taken 
the lead in peaceful uses of the atom for generating electric 
power with plans for some 1.5 million kw by 1955. Now 
the USSR proposes to have 2.0 to 2.5 million kw installed 
by 1960. 
ern regions, the construction problems may be as difficult 


If these stations are installed in inaccessible east- 
for those stations as for the hydro and steam stations. 


LOAD GROWTH VS EXPANSION OF OUTPUT 


Even if the capacity expansion plans are not fulfilled, the 
goal of 320 billion kwhr for electric power generation may 
be met in 1960. Of course, completion of output plans 
would not mean that the maximum demands in Soviet in- 
dustry were met in each industrial region, as would be 
required to avoid power shortages. However, assuming the 
total output figures were an adequate measure of fulfillment 
of the industrial demand for electric power, there would still 
be a deficiency of power needed for mechanization of 
industrial labor. In the allocation of the total electric 
power production of the Soviet electric power industry, the 
portion consumed for industrial drive is likely to decrease as 
the allotment to industrial processing increases during the 
sixth Five-Year Plan. Moreover, there is little chance for 
compensation of that relative loss in total power supply 
from nonindustrial consumers, as industry already receives 
the preponderance of the electric power distributed, as 
indicated in Table II. 

l'o those schooled in the electric power industry of the 
United States, the allocation problems in the Soviet Union 
There has never been a sales 
Instead 
of sales considerations, there have been constant difficulties 


may seem somewhat foreign. 


problem in the Soviet electric power industry. 
in supplying sufficient power to the preferred customer— 
Soviet industry. 


Industrial The 


electric power allocated to processing in industries has been 


mechanization or atomic energy. share of 
increasing at the expense of the industrial share used to 
provide driving power for industrial machines, as shown 


in Table II. 


processing in the Soviet chemical, nonferrous-metal, iron 


[he demand for electric power for industrial 


and steel, machinery, and, above all, for the rapidly ex- 


panding atomic-energy industries is increasing at least as 


lable II. 
Total Kwhr Generated) 


Allocation of Electric Power in the USSR, Selected Years, (in Per Cent of 


rapidly asin the past. If the consumption of electric power 
for industrial processing continues to increase at the ex- 
pense of power for industrial drive, can the Soviet plans for 
mechanization during the new Plan be met? The answer 
is no! 

They cannot deprive industrial drive because, as Malen- 
kov stated, 65 per cent more power per worker is necessary 
to bring about the needed improvement in industrial 
labor productivity during the sixth Five-Year Plan. On 
the assumption that no increase in the industrial labor 
force would occur, about 40 per cent of the total kwhr 
generated, some 126 billion kwhr, would be needed in 1960. 
However, as a small increase in the labor force is planned, 
the percentage of 45 per cent in 1955 would have to be 
maintained in 1960 in order to supply the workers with the 
necessary power. 

It would be very difficult to maintain the 45 per cent 
level in the face of the continuing pressure for the allocation 
of more electricity for industrial processing. By retaining 
the 1955 share of 22 per cent of total electric power for 
industrial processing in 1960, the electricity available for 
these uses in industry would be increased from 37.4 to 
70.4 
products in the Soviet chemical, nonferrous-metal, iron 


billion kwhr. The expansion of the output of the 


and steel, and machine-building industries—large con- 


sumers of electricity for processing—is great for this new 
Plan period. Even with constant levels of technology, these 
industries cannot be expected to use a smaller share of the 
total power supply in 1960. However, the key problem is 
that of supplying the rapidly expanding demands of the 
atomic-energy industry. 

It might be argued, as a first approximation, that USSR 
production of atomic energy for military uses would tend 
to equal that of the United States. 


the peaceful use of atomic energy for electric power gen- 


It is already known that 


eration is scheduled to exceed that in the United States. 
However, the thesis of equality in the absolute amount of 
electric power consumption for military production of 
atomic energy in the Soviet Union and the United States 
seems hardly tenable. The Atomic Energy Commission 
(AEC) in the United States currently is consuming at the 
rate of 9.5 per cent, the total electric power generated in 
the United States, or a total of about 62.3 billion kwhr in 
1955. 


sumed for all industrial processing in the Soviet Union in 


This is almost twice the total electric power con- 
the same year. Assuming 800 billion kwhr were generated 
in the United States in 1960 (Paley Commission estimate), * 
kwhr 
would still be much above the level 
possible in the USSR. That level 


of consumption would represent one 


9.5 per cent, or 76 billion 
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is every reason to assume that the 
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*A report to the President by the President’s Ma- 
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come in some manner similar to the past increases. 
In short, the Soviet Union is not likely to be able to allocate 
as much power to atomic energy production as is the 
United States in 1960. But, at the same time, there will 
surely be great pressure to raise the allotment as high as 


possible. If this means a significant increase in the share 


of total electric power supply used for processing in industry, 


it will have to be taken largely from the share used to pro- 
vide industrial drive. This would mean the growth in 
labor productivity planned for Soviet industry in the sixth 


Five-Year Plan would be imperiled. 


Actually, the avail- 
ability of electric power for industry at peak periods, not 
total generation, is the key to industrial 


Power shortages at peaks have been a consistent problem 


Industrial share cannot be expanded. 
production. 
in the Soviet electric power industry. Even though, in the 
allocation of electric power, industrial drive has been given 
high priority during periods of maximum demand, power 


shortages have often held up industrial production. These 


shortages have resulted in spite of a very cavalier use of 


nonindustrial power supplies as “‘reserves’ for industry. 
A typical example is a report from a newspaper in Baku, 
one of the larger cities in the southern USSR: “In evenings 
it is frequently impossible to read or prepare homework. 
People cannot listen to their radios and electric appliances 
are useless. People are obliged to burn kerosene lamps and 


even candles. Every day after 6 or 7 in the evenings the 
voltage in the network drops and is especially bad on 
off for 


The current is so weak in the 


Saturdays. Sometimes the current is cut hours 


without any warning . 
street lights that the streets are scarcely illuminated.” 
(Baku Rabochi [Baku Worker], February 26, 1954). 

Electric power for transportation and agriculture have 
received no better treatment than municipal services in 
power allocation during periods of maximum demand from 
industry. Thus, the allocation of additional electric power 


to industrial drive from nonindustrial consumers is 


likely. 


not 


Soviet will lag farther behind the United States industrial tech- 
nology. In 1955, an estimated 3.9 kwhr of electric energy 
was consumed per man-hour worked in Soviet industry. 
The electric power supply per worker would be increased 
to about 6.4 kwhr per man-hour in 1960, if the electrifica- 
tion plans for Soviet industry were fulfilled. 

According to the Paley Commission estimates, the con- 
sumption of electric energy in manufacturing industries in 
the United States was to increase from 6.27 to 18.0 kwhr 
per man-hour from 1950 to 1975. Assuming that increase 
were at a constant absolute yearly rate, the power supply 
per man-hour would be 8.6 and 13.3 kwhr per man-hour 
in 1955 and 1960, respectively. 

The absolute advantage of workers in manufacturing 
the United States 
workers in power supply per man-hour would thus be 


industries in over Soviet industrial 
increased from 4.7 kwhr in 1955 (8.6 minus 3.9) to 6.9 
kwhr in 1960 (13.3 minus 6.4). 

Taking the power supply in industry per man-hour as a 
fair gage of technological levels, as the Soviet leaders do, 
it can be concluded that even by completion of the elec- 
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trification plans for Soviet industry by 1960, the level of 
technology in Soviet industry would fall farther behind the 
United States level in 1960 than it was in 1955. 


CAPACITY PLUS RESERVES NOT ADEQUATE 
POWER 
the 
Although there were only 300 thousand kw of nonoperating 


SHORTAGES for industrial supply have resulted 
from gap between installed and available capacity. 
capacity in 1954 out of the total 32.6 million kw, the con- 
centration of the nonoperating capacity in a few regions 
has created serious problems of regional power deficiencies. 


Forced outages and long repair times. The high rate of 
forced outage or breakdowns and the subsequent long 
repair times for equipment have been continuing problems 
in the Soviet electric power industry. Corrective actions 
have ranged from on-the-job-training for electric power 
workers to “wrecking trials” with serious consequences for 
Although 
breakdowns have been blamed on the station personnel, 


those found responsible for the breakdowns. 


it is clear that poor quality equipment has played a signifi- 
cant role. In 1954, for example, a 1,000-thousand-kw 
generator made in Leningrad was found to have serious 
defects in the insulation of the rotor winding. This was 
one of many instances of poor quality equipment recently 
reported in the Soviet press. 

In lieu of equipment tests, the installed equipment had 
often been tested in operation. This period was referred to 
in Soviet technical publications as that of “children’s 
diseases,” that is, the equipment would normally go through 
a period of breakdowns as children go through a period of 
mumps, measles, and the like. 

Adding to the problem of frequent breakdowns were the 
long periods that the equipment remained out of operation 
either awaiting repairs or being repaired for a second and 
third time. In 1950, an average of 18.5 operating days 
for boilers and 15.9 operating days for turbogenerators 
Stant 


counterpart ol 


lost, according to Elektricheskie 
(Electric Power 
tlectrical World. 


per cent of the repairs were incomplete, and 2 per cent of 


were reports in 
Stations), the Soviet 


In 1954, it was reported that about 1 


the boilers and turbogenerators had to be repaired at least 


twice during that year. 


Hydroelectric deficiency. Adequate water often has not 
been available to operate the installed hydroelectric capac- 
ity in the Soviet electric power industry. Because of the 
concentration of hydrocapacity in a small number of sys- 
tems and the wide variations in water flow, serious re- 
gional shortages have developed during low-water years. 
The primitive method of estimating the water supply for 
Soviet hydroelectric stations has largely accounted for the 
problems of hydro deficiency. In 1955, it was acknowl- 
edged that the Central Forecasting Institute avoids long- 
range predictions on the amount of water to flow in the 
Soviet rivers, and that even the predictions of the Institute 
for a month in advance are not precise. For planning pur- 
poses, it reportedly is Soviet policy to use a figure represent- 
ing 75 per cent of the existing water supply in a river during 


the years the plans are being drawn up. The trouble with 
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that practice, according to an editorial printed in the Soviet 
publication Gidrotekhnicheskie Stroitel’ stvo (Hydroelectric Con- 
struction), is that in low-water years the actual water avail- 
able may fall to 45 per cent of the “‘average’’ water supply 
that if a 
hydroelectric station with a capacity of about 100,000 kw 


level. This could mean **run-of-the-river”’ 


could use all of the available flow during a given year, esti- 
mates for the following years would be made on the basis of 
an operating capacity for that station of 75,000 kw, but the 
actuai operating capacity might fall to as low as 45,000 kw 
in low-water years.‘ Such a station would thus be operating 
only 60 per cent of its rated capacity. 


Reserve margins small. The official policy has been to 


retain reserve margins of at least 10 per cent in the systems 
in the industrial regions of the Soviet Union, in order to 
maintain a continuous power supply for Soviet industry. 
[his goal has been repeated in every Plan since the prob- 
lem was discussed at length during the 18th Party Congress 
in 1939, but the targets for reserve margins have not been 
met. Again, in the sixth Five-Year Plan, a growth of 
electric power capacity more rapid than the growth in 


industrial production is called for to ensure the creation 


HYDROELECTRIC 
NAME 
KUIBYSHEV 

2. STALINGRA’ 
SARATOV 
LOWER KAMA 

5. CHEBAKSAR 

7. BRATSK 
KRASNOYARSK 


of adequate reserves. If the capacity installation plans are 
not fulfilled, the reserves will again be less than planned. 
It should be 1 


noted that 10-per-cent reserve margins are 
rather 


small. Margins of 20 per cent have been referred 


to as less than adequate in the United States. The Soviet 


margins are particularly small in view of the gap existing 


in many systems between installed and operating capacity. 


Bulk transfers between regions will not be possible by 1960. 
Regional power shortages cannot be relieved, in most cases, 
in the USSR, because transmission lines needed for bulk 
transfers of power have not been available. A major 
effort is planned for the sixth Five-Year Plan to inter- 
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connect the major regions of European Russia. ‘The hydro- 
electric stations at Kuibyshev and Stalingrad on the Volga 
Major 
lines are under construction from these Volga stations to 


Moscow. 


river are to be the focal points of this network. 


The Plan, likewise calls for lines from the Volga 
stations to the Ukraine, and the Urals. There are also to 
be lines connecting the regions around Lake Baikal with 
By 1960, the Unified 


European High Voltage Network is scheduled to include 
28 million kw 


west Siberia, as shown on the map. 


about a third of the total installed capacity 
planned for that year. 

However, construction of the first major lines from the 
Volga stations to Moscow have fallen behind schedule. 
July 1, 1955, was the date set for the first current to flow 
through the line from Moscow to Kuibyshev. This goal 
was not met and it is not clear from Soviet reports whether 
or not the line has been finished to date. 

In addition, a large share of the hydroelectric and steam 
capacity within some regional systems has been nonoperat- 
ing because the transmission lines needed to carry the 
electric power to the load centers have not been available. 
Particular attention has recently been devoted to the short- 
age of electric power resulting from the unfulfilled network 
construction plans in the Ural Mountains. It was reported 
that in the year 1951 there was 1.75 km of new line per 
installed. A 
shortage of power developed in 1954 because the ratio of 
new line per 1,000 kw fell to 0.79. 


thousand kw of new capacity actually 

In addition to actual 
shortages in new industrial areas, the existing lines were 
overloaded and the losses in networks were very large. 
The Serov-Srednie Ural line had power losses up to 26 per 
cent. This meant a loss above the expected losses in trans- 
mission of over 1 million kwhr a day, according to Soviet 
reports. 

In the recent relaxation of the United States controls on 
the Soviet purchases of “hard goods,”’ the principal item 
purchased, according to the Senate testimony of John 
Hollister, the United States aid director, was copper wire. 
This information may point up one of the serious current 
bottlenecks in the construction of transmission lines in the 
Soviet Union. The fact that copper wire was an item 
which held up completion of Soviet transmission lines in the 
prewar period tends to corroborate this impression. 
SOVIET ELECTRIC POWER INDUSTRY ON THE SPOT 

IN THE SIXTH FivE-YEAR PLAN, the USSR electric power 
industry has been given a difficult, probably impossible, 
task. Soviet leaders selected this “Shot spot’’ for the deposed 
Premier Georgi Malenkov. In Malenkov’s words the 
problem is succinctly stated, “The struggle for higher 
labor productivity is most important in our world economic 
struggle with capitalist countries . . . The measure and most 
important factor in the growth of labor productivity is the 
electric power supply of labor...” 

Even before the sixth Five-Year Plan was ratified, the 
chairman of the State Planning Commission, Maxim 
Saburov, singled out the Ministry of Electric Power Sta- 
tions for criticism. Minister Malenkov and his Ministry 
may be in for more criticism before the end of the Plan 


period in 1960. 
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Signals from Switched Ferroelectric Memory Capacitors 


CG, F. PULVARI 


HE PURPOSE of this article is to discuss the output 

signals from switched- and unswitched-ferroelectric 
storage capacitors, to treat the storage element as a circuit 
element by the introduction of an equivalent circuit, and to 
present methods by which the inherent signal-to-noise ratio 
can be improved. 

The electrostatic hysteresis loop describes the microscopic 
behavior of ferroelectrics and shows that reversibility of 
polarization by an applied signal is the real criterion of 
ferroelectric behavior. For memory applications, a nearly 
rectangular hysteresis loop is desired. Fig. 1 shows the basic 
circuit of a single ferroelectric memory flip-flop and associ- 
ated current waveforms. C, denotes the storage capacitor; 
the load, which may take various forms, is here shown as a 
resistance. Assume that the +P, point on the hysteresis 
loop corresponds to a binary “‘zero” and that the — P, point 
corresponds to a binary ‘‘one.”” When destructive readout 
is used and the storage condenser stores a “‘one,” a positive 
readout pulse will cause a switching of polarization and a 
large current will flow through the load; if the storage 
capacitor stores a “‘zero,’”’ no switching will occur and only 
a small load current will be produced. The ratio of signal, 
when switching occurs, to signal, when no switching occurs, 
is called the signal-to-noise ratio. 

During switching, the storage capacitor behaves like a 
resistance. Fig. 2 shows a family of curves obtained by 
plotting the maximum switched current as a function of the 
input pulse voltage using different resistive loads. Dynamic 
switching resistance Rp is defined as the reciprocal of the 
slope of these curves. 


capacitor during switching is the product of the maximum 


[he peak power supplied to the 


current and input voltage and can be calculated from these 
curves for various values of resistive load. This family of 
curves also shows that a current-type equivalent source is 
best suited for representing the storage element during 
switching. For calculation purposes a satisfactory equiva- 
lent circuit consists of a current generator having a current 
ih 

i(t) =almte = 
Tn; 4, and a can be calculated 
from the applied switching field, the area of the capacitor, 
and P,; 


ing resistance curves. 


paralleled by a resistance Rs. 


R, is calculated from the family of dynamic switch- 
This equivalent circuit may be used 
for calculating the output voltage from various types of load 
impedances. 

The reading modes for ferroelectric storage capacitors may 
be grouped in two general classes: destructive and non- 
destructive. In destructive readout, the inherent signal-to- 
noise ratio may be improved by amplitude, time, or fre- 
Amplitude sampling is accomplished 
by establishing a fixed clipping level, above which the output 


signal rises when switching occurs. 


quency sampling. 
Time sampling con- 
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Fig. 2. Dynamic switching resistance curves. 


sists of sampling the output signals for a short period, some- 
time after the start of the readout pulse. Frequency sam- 
pling employs a filter network, which separates low-frequency 
components of the switched signal from the relatively high- 
frequency components of the unswitched signal. The choice 
of load impedance and sampling method is determined by 
desired access time and storage capacitor configuration. 

Nondestructive readout may be accomplished by driving 
the storage capacitor ultrasonically, by using two different 
high-frequency signals or by using crossed electric fields; 
in each case, the state of the capacitor is determined by a 
180 degree phase difference. 
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Basic Colorimetry 


for Color Television 


L. MICHAELS 


MEMBER AIEE 


HE CHROMATICITY DIAGRAM is a basic tool 
fj pe extensively and universally in the science of 

colorimetry, the study of color. In order to provide 
a clear mental picture of the significance of every aspect of 
this important diagram, its derivation is accomplished 
graphically by means of a logical sequence of graphical con- 
structions and projections. Such a visual concept is ex- 
tremely difficult to obtain from the complicated mathe- 
matical derivation ordinarily used. 

Interest in colorimetry among electronics design engi- 
neers has come about largely through the advent of color 
television. The purpose of this article is to utilize the 
graphical derivation of the chromaticity diagram as a means 
for providing color television picture tube and circuit design 
engineers with a clear understanding of basic colorimetry 
and its applications to television. Practical applications 


of the chromaticity diagram are illustrated by means of 


examples drawn from both monochrome and color television. 


FUNDAMENTALS 


Color Terminology. Common experience teaches that ob- 
jects can be distinguished not only by geometric form but 
also by color. Color can be specified in terms of luminance 
and chrominance. Luminance, a measure of the bright- 
ness of an object, can be specified in terms of lumens per 
steradian per square meter. The lumen, or unit of lumi- 
nous flux, is the amount of luminous flux emitted in a unit 
solid angle by a light source whose average candlepower 
throughout the unit solid angle is one candle. Thus, a 
source of light having uniform candlepower in all directions 
of one candle would emit 47 lumens. 

Without 


shades of 


chrominance, an object would appear in 
With 
chrominance added to luminance, an object appears in its 


The full 


easily seen by breaking it down into its two components, 


gray; i.e., it would appear colorless. 


natural color. significance of chrominance is 


namely, hue and saturation. The hue of a color corre- 


sponds to its dominant wave length. It is the redness, 


greenness, yellowness, etc., of an object. Saturation is a 


measure of the deepness or vividness of a color. A deep 
red object is said to have a red hue and to be 100 per cent 
saturated. As white light is added in increasing amounts to 


the red, the redness will ap- 


saturated red appears as a light red because it contains 50 
per cent white light mixed with 50 per cent of fully (or 
100 per-cent-saturated) red. 

Another commonly used term is radiance, which is a 
measure of the amount of light energy being radiated, in 
watts per steradian per square meter. 

By means of a prism, white light can be resolved into its 
spectrum of component colors. Conversely, the component 
In fact, 
if only three specific component colors, spaced far apart in 


colors can be added together to form white light. 


the spectrum, are combined in the proper proportions, the 
resultant will also be white. These three component colors 
are called additive primaries when adding colored lights, 
and subtractive primaries when adding paint pigments, 
In order 
to be primaries, whether additive or subtractive, they 


which is the same as subtracting colored lights. 


must be independent, meaning that any combination of 
two of the primaries should not produce the third. 

The addition of three primaries in various proportions 
will result in the reproduction of many but not all colors 
occurring in nature. If the number of primaries is in- 
creased beyond three, the number of reproducible colors 
is increased. However, most colors encountered nor- 
mally in nature are reproducible very closely with three 
In the additive 


system, the additive primaries are red, blue, and green. In 


arbitrary but carefully chosen primaries. 


the subtractive system, to reproduce the same range of 
colors, the subtractive primaries are the complements of 
the additive primaries. Two additive primaries, red and 
blue, will form magenta, a subtractive primary which is 
the complement of green. Similarly, the complement of 
blue is yellow (red plus green), and the complement of 
red is cyan (blue plus green). If red, blue, and green are 
chosen as additive primaries, the corresponding subtractive 
primaries are the complements cyan, yellow, and magenta. 


Apparatus. Simplified diagrams of two basic types of 
colorimetric apparatus are shown in Fig. 1. The mono- 
chromator is a device for selecting a narrow band of spec- 
tral colors by means of a prism and movable slit as shown. 
The colorimeter is a device for matching an unknown color 
with a combination of three primary colors represented by 


the light sources labelled R, B, 





pear lighter and lighter until 
the object appears pinkish. 
If enough white light is added, 
the object may appear white 
with only a trace of 
Pure 


centsaturation. A50per-cent- 


pink. 


white means zero pet 


In order to give design engineers a clear under- 
standing of basic colorimetry and its applica- 
tions to television, it is necessary to provide a 
clear mental picture of the chromaticity diagram. 
The highlight of this article is the derivation of 
this diagram by graphical constructions. 


and G. By varying the in- 
tensity of each primary light 
source, it is possible to match 
many but not all of the spec- 
tralcolors. In order to match 
all spectral colors, it is some- 


times necessary to subtract 
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A 


Fig. 1. Colorimetric apparatus. (A) Monochromator. (B) Colorimeter. 


one or more of the primaries. ‘This is done by placing 


the primary on the same side as the unknown color. 


Fundamental Rules of Colorimetry. A set of eight rules or 


axioms has been developed, called the ‘“‘Fundamental Rules 


of Colorimetry.” These rules, which are the 
experiments under limited conditions of color measure- 


ment, are as follows: 


1. Acolor match holds over a wide brightness range. 

2. Brightness of a mixture equals the sum of the individual 
brightnesses. 
Any color can be matched by a mixture of suitable 
primaries 
The eye cannot resolve components of a mixture of 
colored lights. 
A color match can be stated as an equation. 
Color matches obey the law of addition. 
Color 


Color matches obey the law of transition. 


matches obey the law of subtraction. 


Luminosity Curve. Although white light is produced by a 
mixture of spectral colors of nearly equal intensities, our 
eyes do not respond to each color with equal efficiency. 
The response of the eye to the visual luminance or brightness 
of each spectral color is shown by the luminosity curve of 
Fig. 2. 


the radiances of spectrum colors in two halves of a color- 


Data for this curve are obtained by adjusting the 


imeter field until their luminances appear to be equal. 
Comparisons are made between a first and second spectrum 
The 


results are then reduced to show the luminance of spectrum 


color, between the second and third, and so on. 


colors of equal radiance, and are plotted in the form of the 
luminosity curve shown in Fig. 2. The area under this 
curve is proportional to the luminance produced by a 
given number of watts of equal-energy standard white 
light. The peak value of the luminosity curve, at 550 
my (millimicrons), corresponds to 680 lumens per watt. 

According to the second fundamental rule of colorimetry, 
the luminance of a mixture of primaries is equal to the sum 
of the luminances of each individual primary. This equality 


of luminances can be expressed as 
L=L,R+L,G+L)B (1 


where L,, L,, and L, are luminosity coefficients and R, G, 
and B represent the unit amounts of each primary specified 


by unit radiance or one watt per steradian per square 


Essentially full text of a conference paper presented at the AIEE Summer and Pacific 
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results of 


meter at a single wave length. The standard spectrum 
primaries have wave lengths of 700.0 mu for red, 546.1 mu 
for green, and 433.8 mu for blue. <A mixture of one unit 
amount of each primary color matches equal-energy white 


when the ratios of the luminosity coefficients are 
L,/Lg/Ly = 1/4.59/0.06 


Ihe unit amounts of primaries may have quite diffe: 
values in lumens or watts. 

Ratios of energy per unit amount of primary to produce 
equal-energy white are given by 


/ 


watts /watts /watts . - 
- / : =65/1.5/1 
Rj G B 


COLOR MIXTURE CURVES 


UsING THE STANDARD SPECTRUM PRIMARIES, two types of 


color mixture curves can be plotted for the standard 


observer. These color mixture curves, shown in Fig. 3, 
can be plotted as tristimulus values or as chromaticity 


co-ordinates. 


basic 


Values. One 


completely is to use 


Tristimulus way of specifying color 


tristimulus values. A step-by-step 


procedure for determining tristimulus values is as follows: 


Choose three independent primaries. 

Place equal-energy white (reference white) on one half 
of a colorimeter field. 
Adjust intensities of individual primaries until 
match is obtained with reference white. 

Define the amounts of these primaries as one unit each 
(they may have quite different values in watts or 
lumens). 

Color match all the spectrum colors in terms of these 
primary units. 

Write an equation for a match, as C}= Ri(R)+Gi(G 
By(B). 

Define quantities in parentheses as unit amounts 
primaries. 

Define coefficients as tristimulus values. 


} 


Designate tristimulus values for unit radiance of each 


spectral color by a bar, as follows: 7, g, 5. 


Plot values of 7, 2, 5 vs wave length of light (Fig. 3A) 


According to the sixth rule of colorimetry the amount of 
each primary in a mixture which matches equal-energy 


white is equal to the sum of all the ordinates of the corre- 
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Fig. 2. 
1 watt is equivalent to 680 lumens. 
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Fig. 3. Color mixture curves based 
On spectrum primaries. 
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sponding curve, which is the same as the area under the 
curve. 

Since, by definition, the primary units are such as to 
require one unit of each primary to match equal-energy 
white, it follows that the total area under each of the 
tristimulus curves of Fig. 3A is equal to unity. 


Chromaticity Co-ordinates. A second basic way to specify 
color is to use a combination of chromaticity co-ordinates 
and luminance. Chromaticity co-ordinates are defined as 


follows: 


R 
R +G a 


(4) 
(5) 


(6) 


b=- 
R+G+B 


Here the chromaticity co-ordinates are essentially a nor- 
malized form of colorimetric data. An advantage of this 
form is that observer differences are reduced. 

Equal-energy white, or reference white, in terms of 
these chromaticity co-ordinates must have the values (1/3, 
L/S.- 175%. the 


of the individual red, green, and blue 


Furthermore, chromaticity coordinates 


primaries are (1, 0,0), (0, 1, 0), and 
(h: Oo 7): 


respectively. Finally in- 


where r and g are two of the chromaticity co-ordinates 
and L is the luminance. 


GRAPHIC REPRESENTATION 


In order to specify color by graphical means, an extremely 
useful chart called the “chromaticity diagram” has been 
developed. This diagram has always been difficult to 
understand because of the complex mathematics inherent 
in its derivation. The diagram will be developed here 
geometrically in order to make it more easily understand- 
able. 


Color Cube. The fact that colors can be specified by the 
number of units of red, green, and blue makes it possible 
to set up a 3-dimensional color space with axes labelled R, 
G, and B as shown in Fig. 4(A). 
defines a point in such a space. 
defines a unique color. 


Any color uniquely 
Conversely, each point 
The color cube shown indicates 
that equal amounts of physical primaries R, G, and B, 
will add vectorially to produce equal-energy white, la- 
belled W. 

Colors that can be matched physically by combinations 
of the physical or real primaries R, G, and B will lie in the 
first octant, in which all co-ordinates are positive. Colors 
that can be matched only with one or more negative pri- 
maries will lie in other octants. Color of the same hue 
will lie on the same radius vector as shown in Fig. 4(B). 
For a given hue, the distance of these colors from the origin 
will be proportional to their brightness. The vector la- 
belled W represents a scale of grays which is black at the 
origin and white at the endpoint marked W. 

Planes of highly saturated colors are shown shaded in 
Fig. 4(C). These planes are designated the BOR, ROG, 
and GOB planes. As a color point moves in from one 
of these planes of 100 per-cent saturation toward the OW 
vector representing white, it becomes less saturated and, 
at the same time, its hue changes. 


The locus of all colors of a specific luminance is a plane 





asmuch as 
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it follows that when two chroma- 
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the W 
Any 


color can be specified completely by é 





ticity co-ordinates are known, 





third is automatically known. 











three independent quantities such 
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as any two chromaticity co-ordinates 
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Graphical derivation of the r-g chromaticity diagram. 
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in color space. In fact, a family of planes, each correspond- 
ing to some value of constant luminance, can be shown 
cutting through the RGB color cube. 
Within 


color cube, only the 100 per-cent-white point can have 100 


constant luminance is shown in Fig. 4(D). the 
per-cent luminance, and only the origin (or physical black) 
can have zero luminance. 

Fig. +(E) shows a plot of the spectrum locus, represented 
by the dotted curve in space, which indicates the terminal 
points of all vectors extending from the origin and corre- 
sponding to single-wave-length spectrum colors of unit 


radiance. Because the dotted curve represents spectrum 


colors, its locus is not confined to the first octant or color 
cube. 


Inasmuch as the direction of a color’s radius vector 


specifies its chrominance (hue and saturation), one way of 


describing this direction or chrominance is to define the 
point at which the vector passes through some reference 
plane. Such a plane, called the unit plane, is shown in 


Fig. +(F) 


points (1, 0, 0) 


The unit plane, which cuts the color cube at 


0, 1, 0), and (0, 0, 1), is defined by 


R+G+B=1 (12) 


The chromaticity co-ordinates for any color automatically 
fall on this plane. The point £, located at the center of 
gravity of the unit plane RGB, represents equal-energy 
white. The shaded portion of Fig. 4(G) is simply the pro- 
jection of the unit plane upon the rear wall or GOR plane 
of the color cube. Point E then appears at the geometrical 
center of the shaded triangle. 

If the vectors representing the spectrum locus, the dotted 
curve of Fig. 4(E), are extended to intersect the unit plane 


(RGB plane) of Fig. 4(F 


the resulting locus will be a horseshoe type curve. 


) extended outside the color cube, 
In pro- 
jecting this locus upon the rear wall of the color cube, along 
with the unit plane as in Fig. 4(G), the result w 

Fig. 4(H) 


This triangle is the same as the shaded area in 


curve as shown in which surrounds triangle 


GOR. 
Fig. 4(G) except that it is drawn to a smaller scale to 
accommodate the spectrum locus as shown. 


The 


R and G vectors are extended as the r and g axes, re- 
S 


Fig. 4(H) is called the r-g 


g chromaticity diagram. 


spectively. By normalizing the colorimetric quantities 
R and G in accordance with equations 4 and 5, r and g 
become chromaticity co-ordinates. Only two chromaticity 
co-ordinates are needed to specify 
the chrominance of a color because 
the third chromaticity co-ordinate 


can always be found from the first 
) negative lobes 


Yu. 


two as indicated by equation 8. 


Thus, the r-g chromaticity diagram 
contains only chrominance informa- 


tion, the luminance information 


having been lost during the deri- 


vation of this diagram inasmuch 


as the unit plane constructed in Fig. 


A single plane of 


end-points of vectors OR and OG represent unity. 


i qu i|- 


energy white, shown at &£, is located at the 


center of triangle GOR 
The Fig. 


physical primaries R, G, and B. If different | 


chromaticity diagram of 
aries were 


chosen, the shapes of the tristimulus curves of Fig. 3(A) 


iO +] cB Bi ; 
would be different and the spectral locus on the r-g chro- 


maticity diagram would be different. The choice of the 


spectrum primaries actually used is 


which are ip of mixtures of the primaries R, G, and 


have chromaticity co-ordinates r and g located in the 


quadrant of the chromaticity diagram for physical 


maries, Fig. 4(H Colors in the second quadrant 


diagram are obtainable with one or more neg 


itive pri- 


maries. All colors reproducible in nature are located 


on or 


within the horseshoe-shaped area in the first and second 


quadrants. Saturated spectrum colors are located or 


Starting at O this curve extends out into the 
into R 


lhe portion from O to R represents nonspectral colors, which 


curve. 


SECOI 


through G, and where it terminates. 


quadrant, 


do not appear in the spectrum, such as magenta, a mixture 


of red and blue 


CHROMATICITY DIAGRAM 


ONLY ONE CHROMATICITY DIAGRAM is needed to study 


color-mixture problems, regardless of the particular 


primaries on which it is based. A set of primaries can be 


chosen arbitrarily in such a manner as to make the diagram 


as useful as possible. In fact, the primaries need not be 


primaries. They can be nonphysical 


I 


physical or real 


fictitious primaries such as X, Y, and Z in Fig. 4(I I 


hese 


] 


imaginary (or supersaturated) primaries are mathematical 


and do not occur in nature 


Primaries 


of negative lobes and 


Choice of 


Vonphysical 


nation the placement 


the new primaries along the straightest part of th 
the new 


and 2) are so chose 


order that the 


trum locus, perhaps the most important feature of 
o of them, X 


uminance in 


primaries is that tw 
they have zero | 
Refer- 


+(D), 


the zero luminance plane is parallel 


one, Y, will contain all the luminance information 

ring to the constant luminance plane illustrated in Fig 
and recalling that 
to this plane but passes through the origin, the intersection 


of the zero luminance plane with the RG plane can be 


TD = —- 
I Choose new primaries in | | I Place two primaries, X and Y, 
such a manner as to eliminate} 


| 
along straightest part of spectrum 
| so that they will match a wide} 
| range of spectral colors for 
| which the third primary, Z, | 
| will be zero 





4(F) gives only the positions of the 


color vectors intersecting it and not 


spectral 


. | 
their — 


lengths. In the r-g chroma- —— 


ticity diagram of Fig. 4(H), the 
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IY Place the third side, YZ | 
reasonably close to the 


Fig. 5. 
transformation of r-g 


f siibciciieeneniiithaiiiiaitieeia . First step in 
| II Place the two primories X and Z 
on the line of intersection between | 


\ the zero-luminance plane and the 
| 
L 


| 


chromaticity diagram 
r-g plane so that only one primary, chromaticity 


to x-y 
Y, will contain luminance information | 


j diagram. 
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Fig. 6. The x-y chromaticity diagram. 
Gs, and Bg. 


solid line represents the locus of extreme purities of pigments, dyes, and inks 


The ICI nonphysical primaries are Rs, 
Color television receiver primaries are Rr, Gr, and Br. The jagged 
for illuminant C. The dashed curve represents the locus of radiation from a 
black body af various temperatures. Points A, B, and C represent the 


chromaticity of the ICI illuminants. Equal-energy white is located at E. 


visualized easily. This line of intersection is the line of 


zero luminance. 


After the X, Y, and Z non- 


physical primaries are selected, the next step in the deri- 


Transformation of Co-ordinates. 


vation of the chromaticity diagram in its final form is to 
convert the XZY triangle into a right triangle in the first 
quadrant. In other words, the next step is to transform 
the chromaticity diagram from the r and g chromaticity 
co-ordinate axes to the x and y chromaticity co-ordinate 
axes which are extensions of the sides 7X and ZY, respec- 
tively (Fig. 5). 

\ssuming that equal-energy white is reference white for 
both the RGB and XZY systems, the point marked W is 
the RGB 


color cube and also in the XYZ color parallelepiped. 


common to both. It is the terminal point in 


Extensions of vectors G and R form the g and r chromaticity 


co-ordinate Similarly, extensions of 
vectors X and Y form the x and y chromaticity co-ordinate 


The XOZ the 
parallel to the plane 


axes, respective y. 


axes zero-luminance 


plane is plane, 


4(D). 


[he plane of 100 per-cent luminance is the parallel plane 


of constant luminance in Fig. 
containing the end points of vectors OY and OW. Planes 
constant luminance, between zero and 100 per cent, 


are located parallel to and between these two planes. 


Line OX is the zero luminance line for the x-y chromaticity 


diagram because it is the intersection of the YOX plane 


and the ZOX or zero-luminance plane. The OW vector, 
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or equal energy-white, is the diagonal for both the RGB 
color cube and the XYZ color parallelepied. 


Chromaticity Diagram. In order to make the chromaticity 
diagram more convenient to use, the XYZ color parallel- 
epiped is transformed or distorted into a cube. The RGB 
color space, formerly a cube, now becomes a_parallel- 
epiped. The horseshoe-shaped spectrum locus is now in 
final form and the standard x-y chromaticity diagram is 
shown in the first quadrant of the XOY plane. 

The x-y chromaticity diagram is redrawn in Fig. 6. 
Here the chromaticity co-ordinates x and y are scaled from 
zero to unity. Since the x axis has zero luminance, the y 
co-ordinates of all colors on the diagram are proportional to 
brightness. When y is unity, the brightness is 100 per 
cent relative to reference white. This diagram is usually 
called the chromaticity diagram and is sometimes referred 
to as the ICI (International Commission on []lumination) 
or the CIE (Commission Internationale de l’Eclairage) 
diagram. In the ICI system the red, green, and blue 
physical primaries are monochromatic light sources having 
wave lengths of 700, 546.1, and 435.8 my, respectively. 
The green and blue primaries, represented by G, and B, 
in Fig. 6, are prominent lines in the spectrum of the mercury 
arc and hence are readily and precisely reproducible. The 
wave length of the red primary R, is not critical because the 
hue of this portion of the spectrum remains essentially con- 
stant over a wide range. All colors located within the 
triangle R,G,B, are reproducible with these physical pri- 
maries. Color television primaries are represented by 
R,, G,, and B,. Therefore, all colors which are repro- 
ducible by a color television system are contained within 
the triangle R,G,B,. The jagged solid curve on the chro- 
maticity diagram of Fig. 6 bounds an area containing all 
colors reproducible with pigments, dyes, and inks which 
are illuminated with illuminant C. 

The chromaticity of radiation from a black body at 
various temperatures is shown in Fig. 6 by means of the 
dashed curve. Equal-energy white, which represents radia- 
tion of an equal amount of energy at every wave length, is 
designated by the point E. The chromaticities of various 
important illuminants used in practice are designated by 
points A, B, and C. Illuminant A is a tungsten lamp giving 
off incandescent light at a temperature of 2,848 degrees 
Kelvin. 
a lamp having the spectral quality of illuminant A in 
combination with a special filter and corresponds to a 
temperature of 4,800 degrees Kelvin. Illuminant C like- 
wise consists of a source having the spectral quality of 


Illuminant B, representing noon sunlight, utilizes 


illuminant A but in combination with a different filter so as 
to give north sky daylight at a color temperature of 6,500 
degrees Kelvin. 


Fig. 7. 
values of 


Tristimulus 


spectral 
stimuli of equal radi- 
ance for the standard 


° 


observer, based on 


Tristimulus Volues 


ICI nonphysical _ pri- 


maries. Wavelength in millimicrons (mw) 
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Transformed Tristimulus Values. The tristimulus values f, 
Z, and 5 plotted in Fig. 3(A) are based on the spectrum or 
physical primaries R, G, and B. After the transformation 
of chromaticity co-ordinates from the physical primaries 
R, G, and B to the nonphysical or imaginary primaries X, 
Y, and 7, however, the new tristimulus values #, 9, and 2, 
(corresponding to the new primaries X, Y, and Z) appear 
as shown in Fig. Because the x-y chromaticity dia- 
gram lies wholly in the first quadrant of the XY plane, the 


&, ¥, and Z tristimulus values are always positive for all 
Because the X and Z primaries lie in the XZ 

or zero-luminance plane, the tristimulus values and Z 

contain All the 

¥y which, therefore, is identical 

in shape to the luminosity curve of Fig. 2. 


wave lengths. 


no luminance information. luminance 


information is contained in 


APPLICATIONS OF CHROMATICITY DIAGRAM 


Color Specifications. If two colors are represented by identical 
tristimulus values, they constitute a color match under 


standard conditions. However, tristimulus values do not 


readily indicate a difference between two colors if a differ- 
ence exists. For example, if tristimulus values for two 


Y=60, Z=40 and by 
X’'=25, Y’=30, Z’=20, respectively, the corresponding 


colors are specified by X=50, 


x and y chromaticity co-ordinates are 


X 50 


50 
:——_—_ = =0.333 (13) 
X+¥+Z 


50+60+40 150 


r 60 60 
= —= = = (0.400 
X+Y+Z 50+60+40 150 


and 


x’ 25 25 


; 


~ X’+¥'4+Z' 25430420 75 


| 30 30 
ee — - “= =().400 
X'+Y'+Z' 25+30+20 75 


(16 


respectively. The brightness information is given by 
Y=60 per cent and Y’=30 per cent, which is on a relative 
brightness scale that represents absolute black by zero and 
reference white by 100 per cent. Thus, these two colors 
are alike in chromaticity or chrominance (hue and satura- 
tion) but the first is twice as bright as the second. 

The chrominance of a color is specified by means of the 
x and y chromaticity 
The luminance is specified by the Y tristimulus 


chromaticity co-ordinates on the 
diagram. 
value. Thus, three quantities specify a color completely; 


namely, luminance and two chromaticity co-ordinates. 
[he chrominance of a color can be specified by hue and 


saturation instead of by chromaticity co-ordinates. 


Properties of the Chromaticity Diagram. Various properties 
of the chromaticity diagram are summarized in Fig. 8. 
The horseshoe-shaped part of the chromaticity diagram 
represents the locus of 100 per-cent saturated spectrum 
colors. Along this curve there is a nonuniform scale of 
wave lengths of light corresponding to red at the right-hand 
corner, progressing through the spectrum colors yellow, 
green, and cyan, to blue at the left-hand corner. Moving 
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Locus of |OO% saturated} 
spectral colors. 








Equal brightnesses a nae — 
of colors Cs, Color C; may be regarded as} 
and Cg resu a mixture of [lluminant C | 
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pom of non-spec- 

tral color Cio is 
ecified in terms 

a its complementa- 
ry color C, 








Fig. 8. Various properties of the chromaticity diagram. 


in from a fixed point on the spectral locus toward illuminant 
C keeps the hue (dominant wave length) constant but de- 
creases saturation in proportion to the distance moved. 
The straight line connecting the curved ends of the spectrum 
locus represents the locus of 100 per-cent-saturated non- 
spectral colors (colors not appearing in the spectrum, such 
as magenta). 

Additive mixtures of two colors C3 and C, lie along the 
line C3C4. 


color will lie at the midpoint of this line. 


If C; and C, have equal brightnesses, the resulting 
Various other 
properties are summarized on Fig. 9, which is self-explana- 
tory. 

Our color 
television primaries have been so chosen that when illu- 


Luminance Contributions of Television Primaries. 


minant C is reproduced by the receiver, the green primary 
produces 59 per cent, the red primary 30 per cent, and 
the blue primary 11 per cent of the reproduced luminance. 
The total of these percentage luminances is 100 per cent. 





Electric Tube Production 


Liquid air is used by Amperex Electronic Corp. to remove moisture from ex- 
haust equipment which is used to produce the vacuum in electronic tubes. 
Liquid air is poured into a thermos flask surrounding the glass trap in which 
the moisture condenses. 
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Reduced 


in Power Systems at 


Insulation 


the Higher Voltages 


BELLASCHI 


FELLOW 


At reduced insulation levels in high-voltage 
systems, consideration must be given now to 
switching surges and 60-cps stresses, as well as 
the former problems of impulse and lightning. 
A criteria of performance for future high-voltage 
system insulation and 


design protection is 


necessary, as discussed in this article. 


ATION 


all system planning 


NSUI 


PLAYS AN IMPORTANT 


and design, but a 


ROLE in 
proportionately 


greater one at the higher transmission voltages. At 


» higher voltage s it affects the economy and performance 


larger measure; 


therefore, the urge to proportion the 
sulation t ssential requirements is greater. 

In the past, problems of insulation co-ordination centered 
primarily in considerations of impulse or lightning pro- 
ction, although designers of equipment were aware of 


At the 


present-day 


reduced insulation levels now 


requirements. 


with lightning arresters, additional 
must be given to switching surges and to 60-cps 
these are conditions of service which as- 

tance equal to the impulse. 
[his article deals with the co-ordination of station insula- 
yn to impulse, and 60 cps, for applications at 
field in 
ruc » result of further rationalization 
insulatior At the 


the vital role 


higher voltag his is a which important 


same time, one must keep in 


insulation plays and the compelling 
d for maintaining a criteria of performance in future 


system insulation design and protection, which is com- 


mensurate with the growing concentration of power in our 


systems 


PROTECTION WITH PRESENT LIGHTNING ARRESTERS 

In Tas.e I, the protective levels for present lightning 
arresters and the impulse levels that can be protected are 
compared. The criteria of protection in Table I is a 
,000-ampere discharge current of wave form as defined 
in the standards. The discharge voltages in column 3 
are the maximum for present station arresters. Although 
industry standards have not been established yet, these 
data are believed to represent available performance for 
present station arresters. In this illustrative example, the 
protected level in column 4 is based on the arrester dis- 
charge voltage in column 3, increased by 40 kv and then a 
margin of 25 per cent. On the basis of a more abrupt rise 
in the current than specified in the present arrester stand- 
ards and a 10,000-ampere discharge, the margin factor of 


19 


1.25 in column 4 is reduced to about 1.10 to 1.15. 


990 
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AIEF 


As indicated in column 5, impulse levels 10 per cent under 
the reduced basic impulse insulation levels (BIL) in use in 
present practice (column 6) can be protected with station 
arresters of current design. It is assumed that the present 
impulse-test structure in American Standards Association 
ASA) and National Electrical Manufacturers Association 
(NEMA) 
chopped 


apparatus standards comprising the full wave, 


and front-of-wave retained. 
Thus, were impulse protection the sole consideration, the 


following reduction 


wave, would be 
in impulse levels generally could be 
effected: 550 BIL reduced to 450; 650 to 550; 750 to 650; 


825 to 750; 1,050 to 900; and 1,175 to 1,050. 


Table I. BILS Protected with Present Station Lightning Arresters 





IR Discharge 
Voltage, Kv 
Crest at 
5,000 
Amperes 


Reduced 
BIL’s, 
Present 
Practice 


Arrester 
Rating, Kv* 


BIL’s 
Protected 


Operating 
Voltage, Kv 


(IR Voltage+ 
40 Kv) X 1.25 


550 
750 825 
100 6 1050 
050 1175 
1550 


1425(1300 


*Solidly-grounded neut 


SWITCHING SURGES CO-ORDINATION AND PROTECTION 


THE RATIONALIZATION of station insulation to switching 
surges is probably the next most important step in co- 
ordination. ‘To paraphrase the minutes of a recent meeting 
of the AIEE Working Group on Switching Surges, these 
are some of the questions that must be resolved in this in- 
dustry undertaking: 


1. What are representative switching surges (or a 
representative switching surge) in wave shape, duration, 
and magnitude? 

2. Can demonstration of the impulse and 60 cps with- 
stand characteristics give adequate assurance of the switch- 
ing surge capability of insulation? 

3. What shall be the withstand levels of station equip- 
ment insulation for switching surges? 

4. What requirements should be placed in lightning 
arresters for the discharge of switching surges and to limit 
surge voltages? 

5. What restrictions should be placed on switching 





Full text of paper 56-732, ‘Reduced Insulation in Power Systems at the Higher Volt- 
ages—The Problems It Presents,” recommended by the AIEE Committee on Trans- 
mission and Distribution and approved by the AIEE Committee on Technical Opera- 
tions for presentation at the AIEE Summer and Pacific General Meeting, San Francisco, 
Calif., June 25-29, 1956. Scheduled for publication in AIEE Power Apparatus and 
Systems, 1956. 
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apparatus and system design to limit, if necessary, the 
severity of switching surges? 

6. How are these surges affected by system arrangement, 
system design and protection? 


A comprehensive series of switching-surge tests has been 
conducted on completely assembled 138-kv (650 BIL) and 
230-kv (1,050 BIL) power transformers, in addition to 
tests on bushings in voltage classes 46 kv to 230 kv, and the 
results have been reported.! These tests demonstrate that 
the withstand voltages to switching surges for oil-immersed 
station apparatus corresponds essentially to 80-per-cent 
full-wave impulse. 
reasonable assurance that the 80-per-cent relationship 
holds for surge durations well up to 5,000 microseconds 
or even longer. Recently switching-surge withstand data 
for power transformers have also been advanced from other 


The results of the investigation provide 


sources. These and the data submitted! are summarized in 


Table II. 


the ratio of 0.80 between switching-surge and impulse 


More recent investigations further confirm that 


withstand is adequate for oil-immersed transformer in- 
sulation. 

From the foregoing, the switching-surge insulation levels 
for transformers corresponding to the higher voltages 


essentially are as follows: 





Switching-Surge 
Withstand, Kv 


For purposes of co-ordination and with a view to simpli- 
fication in standardization, the wave form and duration of 
the “‘reference”’ switching surge, yet to be selected, should 
be established primarily from a consideration of its func- 
tional significance in relation to the insulation withstand. 
A duration within the limits of 3,000 to 8,000 microseconds 
would appear indicated. The ratio of 0.80 between switch- 
ing-surge and impulse withstand strength seems valid also 


Fig. 1. Co-ordination of 230-kv 825-BiL transformer ‘nsulation to service 


conditions. 
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Table U. Switching-Surge Levels for Oil-Immersed Station 


Apparatus 





Basic Impulse 
Insulation 
Levels, BIL 


Switching Surge Withstand Levels 


650 
750 
825 
900 
1050 845 
1175 145 





ansformers and on power 
1,000 to 4,000 


*Based on tests conducted on 138-kv and 230-kv power tr 
bushings, 46 kv to 230 kv 
microsecond period with full 


Tests with oscillatory switching surges of 
waves and waves chopped on crest 


3 times crest of transformer low-frequency test \ 


which gives levels 3 to 4 pe 


tSwitching-surge level equal to 1 
Duration 2,000 microseconds 
lower. 


See also reference 3 


$Switching-surge duration, 3,000 m 


for the other station equipment: circuit breakers, station 
bus insulation, coupling capacitors, air switches, etc. It 
can well be that this ratio holds for practically all switching 
surges encountered in modern stations for systems operating 
this is a 
matter that still must be verified by additional studies in 


with the neutral solidly grounded. However, 
regard to switching surges developed in stations under 
varied operating conditions and, then, better established 
from further investigations in regard to the strength of 
station insulation to various types of switching surges. 
Additional attention also will have to be given in the future 
to the practical effect of rain and other surrounding con- 
ditions on the withstand strength of station bus insulation, 
bushings (air terminal), air switches, and to the air clear- 
ances in the station in general. In areas of growing con- 
tamination it may be inadvisable to reduce the porcelain 
insulation (creepage distances) below present levels. 

Table III presents the maximum switching overvoltages 
from line to ground that can be tolerated at the terminals 
of station apparatus for the present reduced BIL’s in order 
The 


derivation is based on a margin of 25 per cent between per- 


to comply with what is considered good practice. 


missible overvoltages and withstand strength. Thus, 


Fig. 2. 
for 2-step reduction in BIL 


Co-ordination of 230-kv transformer insulation and relative margins 
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column 5 states that in the voltage classes, 345-kv to 230-kv, 
station insulation in which the full reduced levels are used 
may be subjected to switching surges not to exceed 2.5 to 2.7 
times line-to-ground crest EF, y. 


Table III. Maximum Switching Surges Permissible for Reduced 


BIL’s 





Maximum 

Switching 
Surge Permissible 

(XELn)* 


Switching-Surge 
Protective 
Level, Kvt 


Switching-Surge 
Withstand 
Level, Kvt 


Basic Impulse 
Insulation 
Level 


Voltage 
Class* 


660 530 530/198 =2 


840 670 670/248 =2 


940 : 750 750/295 =2 


(345 


*Maximum system voltage assumed in determining switching surge permissible. (Ex- 


ample: 242 9/2/3=198; 530/198 =2.7) 
The switching surge protective level in column 4 equals the switching surge withstand 
in column 3 times 0.80 (i.e., margin between protective and withstand levels in this 


tabulation equals 25 per cent) 


Referring again to Table III, a 10-per-cent reduction in 
the present BIL’s in column 2 (about one class reduction), 
obviously would reduce the switching-surge withstand 
levels the same amount and, therefore, require a corre- 
sponding reduction in the permissible switching overvoltages 
appearing in the station; i.e., from 2.5 and 2.7 E,, down 
to 2.25 and 2.4 E,,y. 


be limited to these lower values under all possible con- 


Whether transient overvoltages can 


ditions of system and equipment operation and in all cir- 
cumstances is one of the questions in insulation co-ordina- 
tion and protection that has yet to be resolved. However, 
the possibility of attaining this goal with further advance- 
ment in the art appears promising. 

With a better quantitative understanding and a firmer 
control of the switching-surge problem, a margin of 10 
per cent between the switching-surge protective and with- 
stand levels may be acceptable. In that event, as shown in 
lable IV the permissible switching-surge overvoltages cor- 

in BIL be 2.6 
to 2.75 times line-to-ground crest, comparable to the values 


in Table ITT. 


responding to a 2-step reduction would 


Table IV. Maximum Switching Surges Permissible for a 2-Step 
Reduction in BIL and 10-Per-Cent Protective Margin 





Maximum 
Switching 
Surge Permissible 
XELn)* 


Switching-Surge 
Protective 


Level, Kvt 


Switching-Surge 
Withstand 
Level, Kvt 


Basic Impulse 
Insulation 
Level 


Voltage 
Class* 


545 


! 1 in determining switching surge permissible 


*Maximum syste voltage assumed 


tMargin between protective and withstand levels equals 10 per cent 


PROTECTION OF STATION INSULATION 
[HERE IS A LACK of specific technical data on the spark- 
over voltage and protective characteristics of lightning 
arresters to switching surges. Based on available published 
data* column 6 of Table V indicates that present station 
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lightning arresters will limit switching surges to 2.4 times 
line-to-ground crest E,y or possibly even lower. As more 
data become available and industry standards are de- 
veloped, improved switching-surge protective levels quite 
likely will be established. The tabulation does show, how- 
ever, that present station arresters are well co-ordinated to 
switching surges for the reduced BIL’s in current use and 
will provide protection to insulation even 10 per cent under 
the present reduced levels (column 3 in Table V). 


Table V. Protection Against Switching Surges with Lightning 
Arresters 





Slow Switching- 
Surge Sparkover 
Voltage of 
Lightning 
Arresters 


Switching-Surge 
Protective 
Level, Kv* 


Switching- 
Surge 
Withstand, Kv* 


Voltage Arrester 
Class, Rating, 
Kv Kv BIL 


242. 182 750 ee ee 
(230) 

302 a 900 

(287) 

362 264 1,050 

(345) 





*Margin between protective level and withstand equals 25 per cent 


On the strength of Tables III and V, where the margin 
between protective level and withstand is 25 per cent, a 
lowering of the station insulation below the present re- 
duced levels would not be realistic from the standpoint of 
switching-surge co-ordination. A 2-step reduction in BIL 
(column 3 of Table V) would require almost complete 
dependence on the arrester. Loss of the arrester simply 
would mean that the station insulation then becomes ex- 
posed not only to lightning surges, which are relatively 
infrequent in the large stations and in all probability suffi- 
ciently attenuated in effect by other measures of protection 
that normally complement the lightning arrester; but, in 
addition, in the absence of the arrester, the insulation also 
becomes vulnerable to switching overvoltages should these 
exceed about 2.4 times line-to-ground crest E,,. It stands 
to reason that a reduction in station insulation below the 
present levels (column 2 of Table III) can come only 
through further advancements in the art and more ex- 
tensive practical experience with the present reduced levels. 
As basic knowledge of the switching-surge problem becomes 
more firmly established and more reliance can be placed 
on the lightning arrester, then can protective margins be 
reduced with confidence and the application of a 2-step 
reduction in the insulation be accepted more generally. 

Much development and standardization work remains 
to be done in regard to the capability of lightning arresters 
to discharge switching surges of the severity encountered 
in present-day power systems. Surge currents of 2,000- 
microsecond duration and approaching 1,000 amperes are 
cited by the arrester manufacturers in duty design tests 
All this is 
being 


applied to unit elements of the new arresters. 
encouraging evidence that continued progress is 
made in an effort to meet the requirements for present and 
future applications, but again one cannot overemphasize 
the continued need for field experience and studies to 
parallel the developments at the factory. 
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NORMAL FREQUENCY OPERATION 

THE THIRD BASIC REQUIREMENT in co-ordination is the 
ability of the insulation to withstand 60-cps voltages con- 
tinuously, low-frequency system transients, or temporary 
overvoltages being considered part of this requirement. 
With each reduction in the insulation level, the normal 
frequency stresses in the insulation assume increasingly 
greater importance. Thus, for 230-kv grounded-neutral 
operation, a reduction in the BIL and corresponding low- 
frequency test from 1,050 to 825 results in an increase of 
nearly 30 per cent in the 60-cps stresses (column 5 of 
Table VI). Another 10 per cent rise in the 60-cps stresses 
would result in going from 825 to 750. Add to this the 
fact that in present competitive design the trend is toward 
reduced size and weight of the equipment, which in turn 
further tends to accentuate internal stresses rather than to 
reduce them. 


Table VI. Increase in Ratio between 60-Cps Operating Voltage 
and Low-Frequency Test with Reduced BIL’s 





Ratio of Column 
2 to Column 4 


BIL 
Kv Crest 


Low-Frequency 
Test, Kv Rms 


Line-to-Ground 
Voltage, Kv 


Operating 
Voltage, Kv 


230 133 
230 133 
230 133 
230 oy 


Good life expectancy at 60-cps operating voltages there- 
fore requires continual re-examination of the insulation 
problem to assure that over-all co-ordination is attained. 
For equipment in which the 60-cps stresses inherently are 
high, as in cables and potheads, it has been found good 
practice to introduce in the standards long-time acceptance 
tests (column 2 of Table VII), in order to assure more 
realistic co-ordination to life expectancy since the 1-minute 
or short-time low-frequency tests are of limited significance 
in this respect. The tests are supplemented with measure- 
ments of corona (ionization) determined by various meth- 
power factor, capacitance, oscilloscope method, and 
the course for 


ods: 
radio influence. This too, may well be 
industry to follow, in the case of bushings and even other 
station equipment, should operating stresses in insulation 
continue upward and approach limits commensurate to the 
stresses in cables and in potheads and provided, too, that 
experience indicates the advisability of following such a 
course. 


Table VII. Long-Time Tests and Other Dielectric Tests Applied 


to Potheads* 





Low-Frequency Tests, 
Kv Rms, 


Impulse Test 
Long-Time Test, 
Kv Rms 


1.5x40 
Microsecond Crest, 
Kv, Full Wave 


i-Minute 10-Second 


Voltage, Kv 6-Hour Dry Wet 


118 
13 

115 163 

138 191 

161 221 

196 268 

230 315 545 


*ATEE Standards for Potheads No. 48 (1948 
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The combined problem of insulation co-ordination for 
the four conditions of service, including impulse, switching, 
60-cps overvoltages, and normal 60-cps voltage, are shown 
The example refers to 230-kv 825-BIL trans- 


The lower curve represents maximum 


in Fig. 1. 
former insulation. 
voltages to ground appearing at the station and the upper 
curve corresponding withstand levels for the transformer 
insulation. 

Lowering the insulation two steps (from 1,050 to 750 
BIL) results in a relatively greater reduction of margins 
in the two areas: switching surges and normal voltage 


continuous stress, as is clearly shown in Fig. 2. The im- 


pulse problem, once the most critical, now is the least critical 


because of the improved impulse protective characteristics 


station arresters. Similarly, adequate 


margins remain between the factory low-frequency tests 


of present-day 
and the 60-cps overvoltages in service. 


CONCLUSIONS 
1. The present reduced insulation levels now applied 
in power systems operating with the neutral solidly grounded 
are generally well co-ordinated to the impulse, switching- 
surge, and 60-cps requirements. 
2. <A lowering in BIL’s) 
below these levels is not realistic at present because of the 


general of the insulation 
limited practical operating experience at these levels, and 
the essential need for more basic knowledge on the per- 
formance and co-ordination of station insulation to switch- 
ing surges and to continuously applied 60-cps voltages. 
Bah of station 


switching surges and system transient overvoltages stands 


further rationalization insulation to 
now as a major undertaking that requires the attention of 
the industry. 

4. Another basic consideration that requires attention 
especially at the higher operating stresses is the perform- 


continuous 60-<« ps 


ance and endurance of insulation to 
operation. 

5. These fundamental factors once resolved should be 
conducive to a more effective utilization of station insu- 


lation, to better equipment performance and system 
reliability, and to lower BIL’s. 

6. These factors do not preclude the feasibility of a 2- 
step reduction in insulation at this stage. Such applications 


however, must be engineered individually and closely, 
each on its merit. 

Even where a 2-step reduction in the insulation to 
ground is indicated, it is inadvisable to reduce the bushing 
and line-to-line insulation at this time more than one or 


one and one half step. 
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The ‘Technical Feasibility 
of Translating Languages by Machine 


V. H. YNGVE 


ECENT developments 
R in the design of elec- 

tronic digital comput- 
ers have suggested the possi- chines. 
bility of translating languages 
by machine. However, when 
one tries to write a good trans- 
lation program foracomputer, 
one finds that there is much to be learned about language. 
For this reason, no program has yet been written by which 
a computer could translate usefully, but a number of people 
have been challenged by the problem of filling in the gaps 
in our knowledge about language and translation.!? 

This increasing interest in the possibility of mechanical 
translation is not surprising. ‘Translation on a large scale 
is becoming more and more urgent in a rapidly shrinking 
world, still partitioned by many language barriers. There 
translating; at least, 200 languages into which the scientific, 
technical, and cultural records of our civilization might be 
translated. The price that each language community 
pays for the luxury of expressing itself in its own language 
is the cost and the difficulty of communication with the rest 
of the world. Today, communication between language 
communities must be funneled through individuals who are 
to some extent bilingual. If special-purpose machines can 
be devised for translating written material, the 
Language com- 
munities could then retain their individuality and still gain 


translation can be significantly reduced. 


the advantages of increased communication. 

[his article will explore two types of mechanical trans- 
lation. ‘The first, which can be called word-for-word trans- 
lation, is within our immediate reach, but promises results 
best. The second 


that are crude, at sentence-for- 


sentence translation, which is the type being studied at the 


type, 


Research Laboratory of Electronics, Massachusetts Institute 
of Technology (MIT), Cambridge, Mass., promises trans- 
lation of a higher quality, but will require a great deal of 


effort to work out the linguistic details 


WORD-FOR-WORD TRANSLATION 


WoORD-FOR-WORD TRANSLATION is based on the use of a 
dictionary. The words of the input text are looked up in 


der, one by one, in a dictionary, and the meanings are 


written down in order, one by one. In determining the 
neanings, only one text word at a time is considered. 
Word-for-word translations can be produced by machine 
in the following way: The material to be translated is typed 
on a keyboard device, which transfers the characters to some 


input medium such as punched tape, punched cards, or 
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Language translations now can be implemented 
by general-purpose digital computers or, more 
economically, by using special-purpose ma- 
Either word-by-word or more accurate 
sentence-by-sentence translations are consider- 
ably faster and cheaper than man-made ones. 


cost of 


magnetic tape for entry into 
the The machine 
then compares the words, one 
at a time, with the dictionary 
entries that are stored in the 
When each input 
word is located in the mem- 


machine. 


memory. 


ory, the dictionary entrystored 
there provides a meaning that consists of an equivalent word 
or words in the other language. The equivalents found in 
the dictionary are then sent one at a time to an output 
printer that prints a word-for-word translation. 

If a machine that can produce rough translations on a 
production basis is wanted as soon as possible, the word-for- 
word machine is the favored type because it is simple and 
can be implemented now. If translations better than word- 
for-word translations are wanted, work on an automatic 
dictionary should still be undertaken. Any machine 
that translates will need a dictionary, and the technical 
problems arising in the design of an automatic dictionary 
are not trivial. 

There are good reasons for taking the word, delimited 
by spaces or punctuation, as the item to be looked up, in- 
stead of some smaller unit. It has been suggested that if the 
roots of words and their inflectional endings were stored in 
the memory separately, much space would be saved in the 
dictionary. Ifa given word can be inflected in five ways, 
the number of entries in the dictionary could, perhaps, be 
reduced by nearly four fifths, since the inflectional endings 
are common to many words. As another space-saving 
device, it has been suggested that compound words, such as 
blackboard, counterelectromotive, and Koordinatenanfangs- 
punkt, could be separated into their component parts, and 
each part looked up separately. Suggestions such as these 
for splitting up words have at least two disadvantages. 
One is that the separation of a word into parts before it is 
looked up requires a method for deciding where to make the 
separation. Part of the storage space saved has to be used 
An- 
other disadvantage is that parts of words and inflectional 


for a more complicated program or look-up routine. 


endings have, in general, more different meanings than full) 
Strict 
pletely avoids the segmentation problems and avoids some 


inflected words. word-for-word translation com- 


Full text of paper 56-928, ““The Technical Feasibility of Translating Languages by 
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of the multiple meanings of parts of words—inflectional 
endings, in particular 

In the next sections, word-for-word translation will be 
considered, in detail. The requirements of the task will be 
compared with the capabilities of present-day general-pur- 
pose digital computers and of special-purpose machines that 


might be constructed for translation; then the usefulness 


of the product will be assessed 


MACHINE REQUIREMENTS—SIZE 


THE SIZE OF THE MEMORY of a machine is of importance 


] 


in word-for-word translations. Memory size depends upon 


the number of dictionary entries, the average length of each 


entry, and, in stored-program machines, on the storage 
requirements of the program. 

The number of words in a language is hard to estimate 
If the entries in dictionaries are counted, numbers around 
However, no dictionary contains 


a million are obtained. 


all the words of a language; new words are being added 
every day. ‘The vocabulary of a language is not a closed 


system; it is always open to additions. If translating is 


limited to one field of knowledge (electrical engineering, for 
example), most of the words belonging to other fields may 
never appear, and a glossary containing electrical engineer- 
ing terms and certain general scientific terms might be 
adequate. But, like the vocabulary of an entire language, 
the vocabulary of a specific field is not closed; and an 
author of a paper in a special field often uses terms from 
other fields. 

A glossary should contain the words most frequently used 


in a specific field. Since it is virtually impossible to list all 
the words of a language or even of a specific field, new words 
are needed. 


It is feasible to start with a rather small list of words and 


will have to be added from time to time as they 


add new ones whenever they are first encountered or after 
they have appeared a given number of times. In this way, 
the glossary is always an approximation to a list of the words 
of highest frequency in the specific field. 

The most important parameter to be considered in 
evaluating a glossary is not the number of words that it 
contains, but some parameter connected with the number of 
running words of a text that can be found in the glossary. 
The coverage of a glossary with respect to a certain text can 
be defined as the ratio of the number of running words of 
the text that can be found in the glossary to one more than 
the number of words that cannot be found. It is the average 
length of uninterrupted runs of text words that can be found 
in the glossary. ‘The coverage of an English glossary with 
respect to a Russian article is zero. The coverage of a 
glossary containing the 50 or 60 most frequently used 
English words is about one, because these words make up 
about half of the running words in a text. The coverage of 
a glossary with respect to an article is numerically equal to 
the number of words in the article, if the glossary contains 
them all. In order to have a reasonably high coverage with 
respect to a field, such as electrical engineering, a glossary 
should contain at least 5,000 carefully chosen words. 

In assessing the size of memory needed for an automatic 
dictionary, it is also important to form some estimate of the 
length of each entry. The distribution of lengths of the 
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different words in a languageischaracteristic of the |: 


} 


In English, the average word length is about seven o1 


letters; in German, it is somewhat longer. Germ 


many words wit} » than 20 letters. Inasmuch as word 


' uaa 
lengths are so variable and because each entry 


yr more word ‘quivalents, there wil 


variation in enti Perhaps the aver 
something like 20 letters; the maximum size 


more than 100 


[The amount of storage needed for a 


of 5,000 entries with an average entry size 


of 5 binary digits each is 500,000 binary 


Now that an estimate of the memory capacity 


requlre- 


ments has been made, the adequacy of present-day machines 


can be examined. general-purpose digital computers 


have three kinds of memory: magnetic core, magnetic 


drum, and magnetic t ipe. A storage capac ity of 500,000 


binary digits is, by present standards, large for a mag- 


Even many magnetic-drum machines 


One is 


netic-core memory. 


do not have thi pacit\ forced to the conclu- 


sion that magnetic-tape storage must be used with most 


present-day general-purpose computers if an adequate 


e stored 
rea. 


dictionary is to 


MACHINE REQUIREMENTS—SPEED AND ECONOMY 


a machine tor 


ned primaril\ 


ALTHOUGH 


THE ABII 
word translations is d 
glossary that it c: 


ts usefulness for prod 


lations economi 1numDpbDer of tact 


son 
include the cost of operating the machine, the 
the memory, the 


ay tilable 


the program is written 


ind their ex¢ 


machi 


In present-day 
by 1ddress 


number of nemory lo 


designated by * machine is 


ready access is obtair 1 memory 


| 


referred to by it id he average tir 


and extract the cont 


memory hat position is called the access tin 


core memories the access times are very short, 


4 


neighborhood of 10 to 20 microseconds 


tape memories, the concept of access time 


time required 


as appropriate, because the actual 


something at a given address varies greatly, being dependent 


on the time it takes the drum or tape to move to that ad 


ire ss. 
Average access times for drums are in the neighborhood of 
10 milliseconds. 

In a dictionary look-up program, the access time is not 
the whole story in determining how quickly a given word can 
word is known, its address is not. 


be found; although the 


The binary representation of the word itself cannot: be 
used as the address, because the spelling of words is highly 
redundant. For a 5,000-word memory, the address would 
need to be only 13 binary digits long; but the spelling of a 
word might require well over 100 binary digits. 

Various programming methods have been devised for 
Clearly, 


it is not economical of time to start at the beginning and 


searching a memory when the address is unknown. 
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examine each entry, in turn, through the whole dictionary 
until the right entry is found. An improvement consists of 
using the thumb index idea, whereby the search is divided 
into two steps. ‘The initial one or two letters of the word 
are found in the index part of the dictionary. The index 
entry gives the position in the main list at which the search 
should begin. It is possible to extend the thumb-index 
idea and divide the search into three or more steps. If 
this procedure is carried to the extreme, the bifurcation, or 
20-questions, technique is reached. Each step of the search 
chooses one out of two approximately equal sections of 
the dictionary. If the division is exactly into two, each 
time, one out of 2” entries can be found inv trials. Another 
possibility is to try to obtain from the spelling of the word 
some function that specifies, as closely as possible, the address 
of the word; surprisingly good results can be obtained. 

It is also possible to take advantage of the vocabulary 
statistics. The probability p, that the rth word from the 
vocabulary will appear next in a text is given by the 
Zipf Law’ as p, = Pr—', where r is the rank of the word when 
words are ranked in order of decreasing frequency, and P 
is a constant with a value of approximately one tenth. A 
more accurate law has been derived by Mandelbrot.‘ It 


isp, = P (r+m)” 


hood of one, and m is another constant. 


, where B is a constant in the neighbor- 
The constants P, 
m, and B are characteristic of different languages and, to 
some extent, of different authors and styles of discourse. 
According to these two laws, as few as 50 or 60 different 
words make up about half of the total words in a text. If 
these 50 or 60 words are placed in a core memory with 
effectively instantaneous access, the over-all access time 
can be reduced by a factor of 2. 

For a memory, such as magnetic tape, the access time 
to a given entry depends on its position along the tape in 
relation to the reading hands. The most effective way to 
use a magnetic-tape memory is to look up the words in 
batches, not one at a time. Each batch of words is alpha- 


betized in the fast memory of the machine. All of the 


words in a batch can be looked up in one pass of the tape, 
if the words on the tape are also alphabetized. 


The average 
rate of access can be greatly increased by this method at the 
expense of some delay in translation and some storage and 
manipulation requirements in a fast memory. The concept 
of random access time is almost meaningless when words are 
looked up in batches. The appropriate parameters of the 
system are the average rate of information flow through 
the machine and the average delay. 

Present-day digital computers have been designed to 
handle arithmetic at very fast rates. A dictionary search 
program for one of these machines usually involves a lot 
of arithmetic—not because it is required by the problem, 
but because the machine does it so well. A modern fast 
computer would not be as economical as a machine specifi- 
Such a 


be capable of handling entries of 


cally designed for translation. machine should 


length and 
should be designed specifically for searching the memory, 


variable 


when the address is not known. It should be specially 
designed for matching sequences of binary digits, and deter- 
mining whether the numerical value of one sequence is 


greater or less than that of another. 
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Memory research is progressing rapidly. In another few 
years, high-capacity magnetic-disk memories, special mag- 
netic-tape or drum arrangements, or various types of 
photographic memories will probably be developed to the 
point where they will be available for translating machines. 
It may not be necessary to resort to word-splitting tech- 
niques in order to store a high-coverage glossary in a ma- 
chine that is economical to use. 

The simple word-for-word translation schemes that have 
been discussed have the advantage that they can be im- 
plemented now. In to decide whether or not 
their implementation is worth while, the potential usefulness 
of the translations should be considered. 


order 


USEFULNESS OF THE OUTPUT 
IF TRANSLATION, from German to English, for example, is 
considered as the selection of one out of all possible sequences 
of English words for each German sentence, a word-for- 
word translation is a good first approximation. 
sentences average about 20 words. 


English 
Assuming a vocabulary 
of 10° words, there are 10! possible sequences of this 
length. A word-for-word translation supply an 
average of about two meanings for each German word. 
If the word-for-word translation is good, the correct English 
translation can be found by choosing the correct meaning for 
each word from those supplied and, then, choosing the correct 
word order. The initial choice of one out of 10! possible 
sequences has been reduced to one out of 2% X 20! or 
about one out of 10%, 


may 


For each sequence left to choose 
from, approximately 10” have been ruled out. It is thus seen 
that the word-for-word translation has done a Herculean 
job, but there is still a lot of work for the reader to do before 
he can read the translation. He must still choose one out of 
10* possibilities. ‘This he presumably does on the basis of 
his knowledge of English sentence structure and on the 
basis of his knowledge of the subject matter. The problems 
of multiple meaning and of word order are the two diffi- 
culties that he must face. 

To make the reader’s task easier, various suggestions have 
been made for the arrangement of the multiple choices on 
the page. They could be strung out in linear order, per- 
haps with parentheses; or the most likely meaning for each 
word could be put first or written in bold type; or the 
various meanings could be listed in columns. Another 
question concerns the number of meanings that should be 
provided for each word. Perhaps one broad meaning 
would be less confusing than two or three narrower mean- 
ings. Another suggestion for making the reader’s task 
easier is called partial translation. Partial translation is 
based on the fact that only a few hundred articles, preposi- 
tions, conjunctions, and adverbs make up a large majority 
of the running words in a text and that these words, together 
with a few inflectional 


endings, have especially long 


multiple-meaning lists. The suggestion is that these few 
hundred items be given in their original language in order 
not to confuse the reader with long lists. The reader, after 
a brief introduction to the grammar and sentence structure 
of the foreign language, would be able to understand these 
words and endings and the constructions in which they are 


used. All of the technical terminology would be translated. 
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The reader of the translation plays a vital role. In a 
sense it is he who makes the translation, because he alone 
understands the meaning. The machine only recodes the 
foreign language, so that it can be more easily translated 
by the reader. Experiments have shown that word-for- 
word translations can be deciphered more easily if the 
reader is familiar with the topic that is being discussed. If 
he knows what the author is trying to say, he can recreate 
the work with very few clues. Thus, word-for-word trans- 
lation could be useful for people who want to keep abreast 
of large amounts of foreign technical literature in their field, 
but it would probably not be adequate for a careful reading 
of any one article. 

It has been suggested that rough word-for-word transla- 
tions should be revised and edited by an expert. For cer- 
tain purposes revision may be advisable, but perhaps the 
best course would be to let the final reader make his own 
revision, since he is an expert in the field and can use his 
background knowledge in deciding what the author prob- 
ably meant. 

It is very important that the final reader be considered a 
link in the translation chain. Any improvement in the 
translation which speeds up the reader’s comprehension is 
worth while, since the reader’s time is expensive. 

Thus, word-for-word translation can be implemented 
now by using present-day general-purpose digital computers 
or, more economically, by using special-purpose machines. 
The output might be useful, but would definitely be of poor 
quality, probably so poor that the reader would have to be 


highly motivated before he would want to use it. 


SENTENCE-FOR-SENTENCE TRANSLATION 
ATTENTION now will be given to the question: Howcana 
machine produce something better than a word-for-word 
translation? ‘The deficiencies of word-for-word translations 
will be examined, not from the point of view of how a reader 
could cope with them, but rather of how a machine could 
the difficulties will 
be attempted, and a remedy will be proposed. This will 
necessitate some examination of the way in which words are 


cope with them. A diagnosis of 


combined to make sentences in a language. 


ANALYSIS OF DIFFICULTIES 

THE MAJOR SHORTCOMINGS of word-for-word translations 
have been grouped under multiple-meaning difficulties 
and word-order difficulties. It is now advantageous to re- 
classify them as lexical difficulties and structural difficulties. 

Lexical difficulties include the multiple-meanings of 
words like power, force, integrate, potential, and so on. 
It has been suggested that the use of a field glossary would 
restrict these words to one meaning, the technical one. A 
startling exception to the observation that most nouns, verbs, 
and adjectives have few meanings is the word run, which, 
has 54. 
(The average number of meanings per word in Webster’s 
Collegiate Dictionary is about 2.5.) 


according to Webster’s Collegiate Dictionary, 


Structural difficulties include word order, inflectional 
endings, multiple meanings of most articles, prepositions, 
conjunctions, and adverbs. Most of the multiple-meaning 
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difficulties in a text are structural because a majority of the 
running words in a text are structural words, with more than 
the average number of meanings. The 54 meanings of the 
word run are divided into four lists that are structurally 
different: 


adjective. 


transitive verb, intransitive verb, noun, and 
It is clear that a machine method of handling 
structural problems is highly desirable. 

Diagnosis of the difficulties is easy—after all, a word is 
usually not ambiguous when its context is considered. In 
word-for-word translation, no attempt is made to translate 
a word in its context, but a meaning or meanings are 
assigned to it on the basis of its form alone. From this 
point of view, a word-for-word translation might be called 
a literal translation, whereas a translation which takes into 
account the context might be called a free translation. 
Whether a translation is literal or free really depends upon 
the point of view. A word-for-word translation translates 
words literally, but translates letters and syllables freely. 
Words may be translated freely if larger blocks are translated 
literally. In general, a literal translation will be better if 
it is based on larger blocks of text. 

What is needed is a way to use the context in translating 
the words. Investigation has shown that using the context 
of a complete sentence is a great deal better than using 
smaller parts of a sentence, e.g., a phrase, but is not signi- 
ficantly than using the context of two or 


worse more 


sentences. A sentence seems to be a natural language unit. 
To see how the information in a sentence context can be 
used for translation, more knowledge of language structure 


is needed. 


STRUCTURE OF LANGUAGE 
THE MOST SIGNIFICANT THING that can be said about a 
sentence is that it has a structure. 
given in the grammar taught in grammar school, where 


Some hint of this is 


words and groups of words are classified as nouns, verbs, 
subjects, objects, and so on, and simple sentences are 
parsed in order to illustrate the interrelation of their 
various parts. 

It is rather illuminating to consider some of the quantita- 
tive aspects of sentence structure. Of the 10 arbitrary 
sequences of 20 words, perhaps only 10” to 10 are actually 
English sentences. 
them, are mere incoherent jumbles of words. 


All of the rest, or practically all of 
Sentence 
structure thus places very strong constraints on the sequences 
of words. Another way of appreciating the degree of 
constraint imposed by sentence structure is to take an actual 
20-word sentence from a newspaper and try to rearrange 
the words. Of the 20! different arrangements, only a few 
are English sentences. That there must be some structure or 
system underlying these constraints is apparent. A man 
in his lifetime would not be physically able to hear or 
speak more than 10° sentences, yet he can instantly recognize 
whether any given sequence of 20 words is included among 
the 10 to 10 English sentences or is left in the remaining 


10 ungrammatical jumbles of words. He can do this by 


recognizing that the sequence conforms, or does not conform 


to one of the allowable sentence patterns. Recognition of 


sentence pattern is based primarily on formal features of the 
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sequence and not on the meaning; for the meaningless lines 


by Lewis Carroll 


“Twas brillig, and the slithy toves 
Did gyre and gimble in the wabe: 
All mimsy were the borogoves, 


And the 


mome raths outgrabe. 
are instantly recognized as conforming to English sentence 
patterns. 

Constraints powerful enough to restrict the sequences of 
words to only those that conform to the sentence structures 
of a language can be represented by the following scheme. 
A set of structural choices is encoded into a sequence of 


] 


words. The first step is to choose one of several possible 


sentence types For English they might be 


-ntence predicate a, or 


sentence “you” predicate 4, o1 
sntence subject ¢ + predicate ¢, o1 


sntence “it 


predicate p +- “that” clause 


In the 


English; 


foregoing, “‘sentence’’ stands for all sentences in 


“predicate stands for all predicates that can 


follow the first-person singular subject “I’’?; and so on. 


Take 


the example 


sentence predicate t + “that”? clause 


Chis means that the sentence will start with the word “‘it,”’ 
followed by a particular type of predicate, predicate p, and 


followed in turn by a clause introduced by the word “‘that.”’ 


The particular predicate of type p and the particular “‘that”’ 
For the 


clause will emerge as a result of further choices. 


edicate, the choices might be 
¥ verb “‘to be’? + adjective 5, or 
predicate p verb ‘‘to be” + prepositional phrase, or 


predicate ¢ vel » “to be 


+ past participle ¢ 


Che first of these might be chosen. Further choices would 


decide the tense of the verb—present tense, for example. 


For the adjective, the choices might be 
adjective / 
adjective 


adjective / “likely” 


If ‘‘clear’’ 


‘that’ clause.” 


is chosen, the sentence so far is: “It is clear + 
Note that adjective 6 would not include 
adjectives like hot, red, small, and so on. 

An encoding scheme of this sort can allow for certain types 
of recursiveness in sentence structure. For example 
It is clear that it was likely that it was true that 

[his type of recursiveness is indicated by 
clause 


“that” = “that”? + sentence 


which leads back again to the beginning of the set of 


choices. 


An encoding scheme of this sort, starting as it does with 
a set of choices or directions for producing a certain sentence 


and ending with the words of that sentence, can be thought 


of as a grammar of a language from the point of view of the 


speaker rather than of the listener. Schemes from the 
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speaker’s point of view have the advantage that each set of 
choices leads unambiguously to a unique sequence of 
words. On the other hand, a given sequence of words 
may be ambiguously represented by two or more different 


sets of choices. As an example of this, consider that 


predicate a = ‘‘am here now,” or 


predicate a ‘see it now”... and 


predicate b ‘fare here now,” or 


predicate b = “‘see it now”’ 


Then “see it now”’ can be produced ambiguously as a first- 


person singular or a second-person predicate. A grammar 
from the listener’s point of view could resolve this ambiguity 
only by consideration of the context “I” or “‘you.” Sim- 
ilarly, words can have multiple meanings from a literal point 
of view, but be unambiguous if their role in the sentence 
structure is known. As an example, consider this English 


sentence 

The (Der) man showed'the (dem) boy the (das) picture. 
and this part of a German sentence 

Der (the) Mann, der (who) der (of the) Tat fahig ist, 


In this way, considerations of sentence structure can resolve 
many of the multiple-meaning problems. 

Usually each possibility of choice of structure in a 
language has a meaning assigned to it. A distinction has 
been made between the “structural”? meaning and the 
Che two sentences ““The chair is on 


‘lexical’? meaning. 


the rug.’ and “The rug is on the chair.”’ have different 
meanings because the words appear at different positions 
in the structure. On the other hand, the difference in 
meaning between “‘The chair is on the rug.” and ‘“The chair 
Lexical meaning 


is on the floor.’ is a lexical difference. 


tells what sentences talk about: structural meaning tells 
what they say about it. 
Just as different languages are different in their lexicog- 


raphy, they can also be different in their structure. 
Languages that are historically related are usually similar 
in structure. Even if two languages have certain structures 
in common, it may be that they assign different meanings to 
these structures. Languages may also differ in what aspects 
of the meaning are carried by structure and what aspects 
are carried by lexicography. The distinction between sub- 
ject and object in a sentence is indicated structurally by 
word order in English, but in German it may be indicated 
by the lexical difference between the words “der” and 
“den.”’ Similarly, the meaning that is assigned lexically to 
the word “‘if’”? in English is sometimes indicated structurally 


by word order in German. 


TRANSLATION OF STRUCTURE 

IF TRANSLATION BY MACHINE is to be done on a sentence- 
by-sentence basis—using sentence structure to resolve the 
word order and the multiple meanings of the individual 
words, and correctly translating the structural meanings— 
grammars are needed for each language. ‘These grammars 
should consist of descriptions of each language, which are 
complete enough to make the distinctions in meaning, that 
are necessary for translation—providing a description of this 
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sort for even one language is something that has not yet 
been done, because the concepts involved are just now be- 
coming understood and because languages are extremely 
complex in their structures. Once two of these descriptions 
are available, they can be set side by side, and the equiv- 


alences stated. It must be decided which sentences in 


language A and language B are equivalent. 


The underlying 
assumption is that it is possible to find such correspondences. 
Of course, this assumption is not strictly true, for no two 
languages are completely translatable. The assumption 
is probably very nearly valid for related languages such as 
German, English, French, Russian, and for scientific dis- 
course, or other types of careful exposition. 

If a description of the structure of two languages and a 
statement of the equivalences in meaning between them are 
given, only one more thing is needed for a mechanized 
translation procedure: a mechanical method of recognizing 
the structure of a sentence from the sequence of words 
composing the sentence. The precise form of this recogni- 
tion routine must await the description of the structures to 
be recognized. However, the process must operate from 
the point of view of the person who reads or hears a sentence. 
It must tentatively recognize small groups of words, place 
them in a tentative structure, and so proceed, each time 
eliminating certain possibilities. Once the structure of the 
sentence to be translated has been recognized, it can be 
translated into an equivalent structure in the other language, 
and the correct meanings can be chosen from the multiple 
meanings of the words. 


RESULTS TO BE EXPECTED 

THE TRANSLATIONS produced by a routine that translates 
on a sentence-for-sentence basis will be vastly better 
than the output of a word-for-word translating machine. 
Most output sentences will be grammatically correct. 
There will be very few word-order problems remaining. 
Many of the multiple-meaning difficulties will be solved, 
particularly those involving the most frequent words of 


the language and the very frequent inflectional endings. 


There will be a partial solution to multiple-meaning prob- 
lems such as the different meanings of the word “can,” 
which are distinguished on the basis that one meaning is 
connected with a verb, one with an auxiliary verb, and one 
with a noun. There will be some multiple-meaning prob- 
Of 


judicious use of a field glossary or by related techniques 


lems remaining. these, some can be resolved by 
The rest must be resolved by the good sense and intelligence 


of the reader of the translation. 


CONCLUSION 


The state of the art of mechanical translation can be 
summed up as follows: 

1. Word-for-word translations can be made now on high- 
speed general-purpose digital computers. 

2. Word-for-word 
economically by means of special-purpose machines built 
with existing technology. 


translations could be made more 


3. Word-for-word translations promise to be consider- 
ably cheaper than man-made translations. 

4. Word-for-word translations are very crude, but may 
be useful when more accurate translations are not worth 
the additional cost. 

5. Ifsomething better than a word-for-word translation 
is desired, our best hope is to take into consideration the 
sentence structure in designing a translation routine. 

6. Providing translation routines on a sentence-for- 
sentence or structural basis requires a considerable amount 


of detailed linguistic work. 
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The secondary cooler shown at right during installation 
at the Lewis Flight Propulsion Laboratory at the Cleveland 
(Ohio) Airport is a component part of a new $33 million 
supersonic wind tunnel, designed for research on airplane 
The 10- X 10-foot tunnel will dupli- 
cate air speeds from two to three and one half times the 


engines of the future. 


speed of sound and will be able to handle engines and engine 
Its 250,000-hp 
electric-motor drive is the most powerful of its kind. 


components up to 5 feet in diameter. 
To meet exacting conditions for the secondary cooler, 
engineers and officials selected K-Fin coils, manufactured by 
Griscom-Russell Company, Massillon, Ohio, a subsidiary of 
General Precision Equipment. 
The over-all coil consists of 14 A-Fin bundles, each having 
636 copper tubes. The total surface is 480,000 square feet. 
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Heating and Mechanical Effects of 


Conductor Installation in Raceways 


M. M. BRANDON 


FELLOW AIEE 


K. S. GEIGES 


FELLOW AIEE 


The American Iron and Steel Institute has spon- 
sored an investigation of the current-carrying 
capacities of wires when installed in multiple in 
steel raceways with various percentages of race- 
way fill, in order to supplement the information 
available on this subject. The results are being 
presented to the National Electric Code Com- 
mittee for study, with a view toward possible 
modification of the Code. 


HE NATIONAL ELEcTRICAL Copeg, which is prepared 

i oe a committee of the National Fire Protection As- 

sociation, is the recognized American Standard for 

the safe installation of electric equipment in the United 

States. It is based on the combined experiences of all 

groups in the electrical industry and all factual information 
that is available at the time of each edition’s preparation. 

Sometimes the information available is not sufficiently 

complete to justify the inclusion of installation practices 


Table I. Heating Test, 2-Inch Conduit in Air 





Operat- 
ing Calculated 
Derating 
Factor 
(Per Cent) 


Num- 

ber Temper- 

Wire of ature,* 
Type Wires Cc 


Temper- 
ature 
Range, t 
Amperes Volts Cc 
rw ? 0 33 
RH- 12 ) 3475 
RH ) 12 5 42.25 
RH 1 3 13 
RH- 
RH- 
KH- 
RH 
RH ( : 5 
RH 1 6 ) 6.17 2 9 re 
RH 1 ; 4 
TW ( 7 6 27-75 ; “3 
RUH-RUW 6 20 26.8 : 49 
RUH-RUW 6 »( 15 33.2 9.5 1 51 
*Steady-state operating temperature of hottest conductor w.th listed current flow 


tDifference in temperature between hottest and coolest conductor 


that might be considered safe if all the facts were known. 
One of the oldest of these is the current-carrying capacities 
of wires when installed in multiple in steel raceways with 
various percentages of raceway fill. In recognition of this 
condition, the American Iron and Steel Institute sponsored, 
as a public service, a fact-finding investigation of steel race- 
ways when installed in different types of building construc- 
tion with different numbers and types of wire. The results 


of the investigation will be made available to the National 
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L. M. KLINE 


ASSOCIATE MEMBER AIEE 


F. V. PARADISE 


Electrical Code Committee with a view toward improve- 
ment of Code requirements. 

One of the unique factors of the investigation was the 
co-operation of all segments of the electrical industry 
through the formation of an Advisory Working Committee 
As 
the program progressed, the committee met with representa- 


which assisted in outlining a general test program. 


tives of Underwriters’ Laboratories, Inc., and discussed the 
work completed. Comments made during such discussions 
resulted in the extension and modification of the test pro- 
gram, represented by the four phases in this article. At 
the same time that the committee provided such practical 
guidance, it kept the interested divisions of the electrical 
industry informed of what was taking place, so that the 
investigation would be regarded in its proper light as a 
public service. 

Wire, raceway, and cellular metal floor manufacturers 
provided the large amount of materials necessary for the 
investigation. A qualified electrical contractor, under the 
auspices of the National Electrical Contractors Association, 
worked with the Laboratories’ engineers in the conduit 
pull-in test installations so that they would be comparable 
to typical installation United 
States. 


practice throughout the 


SCOPE 
INASMUCH AS THE INSTALLATION REQUIREMENTS for more 
than nine wires in conduit or tubing and for the use of 
more than 20 per cent of the cross-sectional area of wire- 
ways and auxiliary gutters are not stated in the 1953 
National Electrical Code, the scope of the investigation 
was divided into the following parts: 


1. A study of the heating of more than nine rubber- 
or thermoplastic-insulated conductors in steel raceways as 
the result of carrying current under various load conditions. 

2. A study of the mechanical factors affecting the in- 
stallation of than nine rubber- or 


more thermoplastic- 


insulated conductors in the steel raceways. 


PURPOSE 
THE INVESTIGATION was conducted in order to compile 
information, observations, and test data which could be 
used for analyzing the following: 


Condensed text of paper 56-952, ““The Heating and Mechanical Effects of Installing 
Insulated Conductors in Steel Raceways,”’ recommended by the AIEE Committee on 
Insulated Conductors and approved by the AIEE Committee on Technical Operations 
for presentation at the AIEE Fall General Meeting, Chicago, IIl., Oct. 1-5, 1956 
Scheduled for publication in AIEE Power Apparatus and Systems, 1956. 


M. M. Brandon is with Underwriters’ Laboratories, Inc., New York, N. Y.; K. S. 
Geiges and L. M. Kline are with Underwriters’ Laboratories, Inc., Chicago, IIl.; 
F. V. Paradise was formerly with Underwriters’ Laboratories, Inc., Chicago, Il. 
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1. The applicable current-carry- 


Table I. 


Heating Tests, 2-Inch EMT 





ing capacity reduction factors for 
more than nine conductors. 
9 


Wire 
Size, 
AWG 


Wire 
Type 


The effect of load diversity “ 


in reference to the current-carrying 


Wires 


Number 


Operating 
Temperature, C 


In Air 


Temperature 


Range, C 


Temperature 


Amperes Volts at EMT, C 





capacity reduction factors and con- 
ductor operating temperatures. 


RH 

RH. 
RH-RW.. 
RH-RW.. 
RH-RW. 
RH-RW 


3. The mechanical factors affect- 


ing the percentage of raceway fill 
of rubber- 


or thermoplastic-insu- 


lated conductors in steel raceways 

Wire ber 
Size, of 
AWG Wires 


on the basis of the number and size Wire 


of conductors with a maximum of Type 


naw 
Cwouw 
va) 


NUN 
INNUUN 
au 


InN 


In Thermal Insulation 


Operat- 
ing 
Temper- 
ature, C 


Temper- 
ature 


Range, C 


Temper- 
ature at 
Side of 
Gypsum 
Block, C 


Temper- 
ature 
at EMT, C 


Amperes Volts 





four bends in a run up to 100 feet. 
4, 


factors when applied 


RH 
RH-RW.. 
RH-RW.. 
RH-RW. 


14 
10 


6 


60 
30 
12... 


1? 


The relation of corresponding 


to different 


6 





types of steel raceways. 


Heating Test Setups. Inthe heating 


tests on wires installed in rigid steel 


Table III. 





Heating Tests, 2-Inch Conduit 





conduit or EMT (electrical metallic 

Num- 
ber 
of 
Wires 


tubing) the wires were laid out in 
series and folded back on themselves 


Operat- 
ing 
Temper- 
ature, C 


Temper- 
ature 


Range, C 


Temper- 
ature at 
Con- 


duit, C 


Temper- 
ature at 
Top of 
Block, C 


Temper- 
ature at 
Side of 
Block, C 


Amperes Volts 





a sufficient number of times to pro- 


vide the number of wires to be tested. 

RH 

RH 
RH-RW. 
RH-RW 
RH-RW 
RH-RW 
TW. 

rw 


Thermocouples were inserted and 


the wires were pulled into the con- 


duit. The assembly was placed in 


the test enclosure. The feeder con- 


ductors were connected to the cur- 


rent transformers through a_ fuse - 


RH 
RH-RW 
RH-RW. 


board, and the thermocouples were 
connected to the instrument to record 


In 


Concrete 


) 
8 


20.0 
40.5 
49 
38 
46.5 


3 
0 


OnNWwWN@®eh 


4 


3 





the temperatures reached the 


The 


was adjusted to enable the thermo- 


on 
conductors. heating source 
stats to maintain the enclosure temperature at 30 + 0.5 C. 
The current was adjusted to give the desired steady-state 
operating temperatures of 60 Cor75C. 

For conduit and EMT in thermal insulation, the test 
setup was modified by enclosing rigid conduit or EMT in 
fibered gypsum blocks (4 by 12 by 30 inches) for the heating 
tests of raceway in thermal insulation. 


modified 


placing the wires in several lengths of standard 2-by-2 


For steel wireway, the test setup was by 
steel wireway to form a continuous 30-foot length. 

For flexible steel conduit, wires were pulled into a 30- 
foot length of 2-inch size. 


For cellular metal flooring, the top surface of the floor 
J1/,. 


a /2 


This insulating concrete was composed of 4 cubic feet of 


was covered with a inch layer of lightweight concrete. 
perlite concrete aggregate, one bag of portland cement, 
mixed with 9 gallons of water. The thermal conductivity 
(k factor) of this mixture was 0.77. The wires, with ther- 
mocouples attached at the center of the 30-foot lengths, 
were pulled into the header duct. In one test, the wires 
were pulled into one of the 8-foot-long floor cells in the 


center of the floor. 
71 


Access to the cell was made through 
a 2'/inch conduit cell ell. 


For underfloor raceway, a 30-foot length 1- by 3-inch 


Table IV. 


Heating Tests, 1!/,-Inch Conduit in Air 





Wire 
Type 


RH-RW 
RH-RW 
RH-RW. 
RH-RW 
RH 

RH 


Operat- 
ing 
Temper- 
ature, 


Temper- 
ature 
at 
Conduit, 
Cc 


Temper- 
ature 
Range, 
Cc 


Amperes Volts 


Heating Tests, in Air 





Number 
of 


Wires Temperature, C 





RH-RW 
RH-RW 


RH-RW 
RH-RW 


2-Inch Conduit 


8 


1'/s-Inch Conduit 
50 
75 
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Table VI. Diversity Tests 


Table VII. Heating Tests, Single-Phase and 3-Phase 





Operat- 

Number ing 
Wire of Number Temper- 
Type Wires Conducting ature, C 


Amperes Volts 





2-Inch Conduit in Air 
RH-RW 12 4 
RH-RW 1 
RH-RW 
RH-RW 
RH-RW 
RH-RW 
RH-RW 
RH 
RH 


N@WARK OPMUN UW 


"W 
Ss) 


I 14 0 4 
RH 14 0 


2-Inch Conduit in Concrete 
RH-RW 1 
RH-RW 
RH-RW 
RH-RW 
rw 

TW 

RH-RW 
RH-RW 
RH-RW 
RH-RW 
RH 


RI 


J 
> 
an 


WN 
SWaorhe oO 
MUWNUN Wut 


v 


raceway was enclosed in a slab of concrete, and wires, with 
thermocouples attached at the center of the 30-foot length, 


were pulled into the wireway. 


Conduit Pull-In 7 


rigid steel conduit were assembled in the form of a square 


st Setup. Ten 10-foot lengths of 2-inch 
vith four right-angle bends spaced at 20-foot intervals, with 
1 pull opening at the end of each straight section. 


~-mbly 


The as- 
y staked on the floor of a building and 


Vas rigidl 


the wires were pulled into the conduit by means of an elec- 


tric winch. A spring-scale dynamometer was used to 


1easure the force required for each pull. 
To assure field conditions, the conduit installation was 


made by an electrical contractor. To assure an average 


interior surface, the pull-in test setup employed several 


manufacturers’ conduits. The pulling in of the wires 


was done by the contractor’s elec- 


tricians while the data were re- 


corded by laboratory personnel. 


$-Phase Wye 


Operating Single-Phase 
Temperature, - . 


Specimen Amperes 


2-In. Conduit in Air 
2-In. Conduit in Concrete 


currents were then adjusted to give the steady-state op- 
erating temperatures desired, i.e., 60 C and 75 C. 

This test was repeated with 30 No. 10 AWG, type RH- 
RW wires, representing 41-per-cent fill; with 20 and then 
with 12 wires of the same size and type. 

Similar tests were made with 60 No. 14 AWG, type RH 
wires (41-per-cent fill) and with 12 No. 6 AWG, type TW 
The type RH conductors were tested for 60-C 
The type TW conductors were 


wires. 

and 75-C operation. 

tested only at their rated operating temperature of 60 C. 
The results of these heating tests are given in Table I. 


TEST RECORD—SECOND PHASE 


Tests. conducted with 


various types, sizes, and numbers of wires installed as fol- 


Heating Heating tests were 


lows: 


2-inch conduit in air (Table I) 

2-inch EMT in air (Table IT) 

2-inch EMT in gypsum blocks (Table IT) 
2-inch conduit in concrete (Table III) 
2-inch conduit in gypsum blocks (Table ITT) 
1!/>5-inch conduit in air (Table IV) 


To verify the currents specified in the National Electrical 
Code for 60 C and 75 C and for less than nine conductors, 
eight type RH-RW, No. 6 AWG wires were tested when 
installed in 2-inch rigid conduit in air. The test was re- 
peated using six type RH-RW, No. 6 AWG wires, except 
11/»inch rigid conduit was used. The results are given 


in Table V. 


Table VIII. Heating Tests, in Air 





Commercial lubricants were used as 


eded Number ing 
of Temper- 
Wires 


TES] 


Heating Test 
nducted with 12 No. 6 AWG, type 
W wires, representing 44-per- 


installed in a 


RECORD—FIRST PHASE 


Heating tests were 


2-inch con- 


Initial currents for 


heating tests were 


fol- 


given by 


adjusted to conform with the 


lowing derating factors 
S. J. Rosch: for 10 to 15 conduc- 


tors, 65 per cent; 16 to 24 conduc- 

con- RH-RW 
RH-RW 
RH-RW 
RH-RW 


tors, 60 per cent; 25 to 30 
and 31 or 


The 


ductors, 55 per cent; 
more conductors, 50 per cent. 


Operat- 

Raceway 
Temperature by 
Thermometer, C 


Raceway 
Temperature by 
Thermocouple, C 


Temper- 
ature 


ature,C Range, C Amperes Volts 


x 
13.4 
€ 


1 
15 
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Table IX. Heating Tests, Cellular Metal Floor 





Raceway 
Temper- 
Temper- ature 
Number ing ature by 
of Temper- Range, Thermo- 
Wires ature, C Cc couple, C 


Operat- 


Amperes Volts 


“A”? Header Duct 
RH-RW 
RH-RW 
RH-RW 
RH-RW 
RH. 
RH. 
**B”’ Header Duct 
RH-RW. 2 60 7 
RH-RW ( 2 75 sa 
RH-RW. 0.. 58 60 
RH-RW. 1 é 75 
RH 1 13 60 
RH, bans 13 75 
**A”’ Floor Cell 
RH-RW..... 6. 75 14.2 
**B’’ Floor Cell 
RH-RW. 
RH-RW 


Table X. Transient Heating Test, 2-Inch Conduit in Air 





Operating 
Number Temperature, 
of Wires c 


Wire Size, 
AWG 


Amperes, 
Start of Test 


Amperes, 


Wire Type End of Test 





1-Hour Test 
RH-RW 12 50 
RH-RW. 12 75 
RH-RW 50 
RH 1 60 60 
2-Hour Test 
RH-RW 12 60 
RH-RW 1 50 
RH. 50 
$-Hour Test 
RH-RW 
RH-RW 
RH... 








Load Diversity Tests. To determine the effect of load 
diversity when only some of the conductors installed in 
rigid conduit in air were carrying current, several tests 
were conducted with various types, sizes, and numbers of 
wires. 

The results are given in Table VI. 


Single- vs 3-Phase Heating. To determine the effect on 


Table XI. Heating Tests 


Table XII. Pull-In Tests on a 100-Foot Length of 2-Inch Conduit 


with Four Right-Angle Bends 





Average Pullin Pounds* 
40 Per-Cent Fill 
12 No. 6 40 No. 14 
AWG, 
Type 
RH-RW 


16 No. 6 
AWG, AWG, AWG, 
Type Type Type 

RH-RW TW TW 


30 No. 10 60 No. 10 
AWG, 
Type 

RH-RW 


ist Pull 
2nd Pull 
3rd Pull 
4th Pull 


5th Pull 


50 Per-Cent Fill 
124 No. 14 13 No. 6 
AWG, AWG, 
Type TW Type RH-RW 


37 No, 10 
AWG, 
Type RH-RW 


Ist Pull 225 125 
2nd Pull 2 406 
3rd Pull Test discontinued 
broken wires 
4th Pull 1550 200 
5th Pull ] 


Remarks 


3000 , 
Stretched 2 inches No stretch Stretched 5 inches 
70 Per-Cent Fill 

19 No. 6 

AWG, 

Type RH-RW 


60 Per-Cent Fill 
16 No. 6 
AWG, 
Type RH-RW 


50 Per-Cent Fill 
51 No. 14 
AWG, 
Type RH-RW 


21 No. 6 
AWG, 
Type TW 


ist Pull 
2nd Pull ) 
3rd Pull 275 1 250 
4th Pull 50 500 
5th Pull 55 2 1050 


100 


str 
One-half stretched. . Stretched 2 inches 


2 inches 


Remarks 





*Maximum forces ranged from 25 to 100 per cent more than average 


tCold weather check test 


conductor heating by single- and 3-phase currents, 12 
type RH-RW No. 6 AWG wires were installed in 2-inch 
rigid conduit in air and tested by using first single-phase 
current and then 3-phase current of a wye-connected 
supply. 

The results are given in Table VII 


rEST RECORD—THIRD PHASE 


Heating Tests. Heating tests were conducted with 


various types, sizes, and numbers of wires installed in 2- by 
2-inch steel wireway, 2-inch flexible steel conduit, and 
4-inch rigid steel conduit. 
The results are given in Table VIII. 
Heating tests were conducted with 
various types, sizes, and numbers of 


wires in two different types of cellular 





Operat- 
Number ing 
Temper- 
ature, C 


Wire 
Size, of 


AWG Wires 


Temper- 
ature 
Range, € 


Wire 
Type Amperes Volts 


Wireway 
Temperature by Temperature by 
Thermocouple, C 


meta! floors, first with the wires in- 
Wireway stalled in the header duct and then 
in the floor cell. 


The results are given in Table IX 


Thermometer, 








1- by 3-Inch Underfloor Raceway in Concrete 
RH-RW...... 6 60 17 3 8.8 
RH-RW. 1 2 
RH-RW 
RH-RW. 
1/2-Inch Rigid Steel Cooduit in Air 

RH-RW. 1 2 ¢ 44 3.2 
RH-RW 53 3.5 
RH-RW . é 5.5 7.0 
RH-RW : 3 a * weast ® 
2-Inch Rigid Steel Conduit in Air 

7 40 8.25 
47, 10.4 


18.8 


RH-RW,. 16, 60 
RH-RW..... 1 75 10 


Tests 


conducted 


Transient Heating Tran- 
sient heating tests were 
on wires in 2-inch rigid steel conduit 
in concrete in order to determine the 
current load which would provide a 
30-C and 45-C rise in temperature 
of the conductors within 1, 2, and 
3 hours starting with an ambient 


temperature of 30 C. Twelve 
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Table XIII. Examination and Dielectric Test Following Pull-In 


Test 





Number Wire 
of Size, 
Wires AWG 


Per- 
Wire Cent 
Type Fill 


Remarks 


As excessive damage or no damage whatsoever was noted on the following, only ex- 

amination was necessary 

30 10 TW 40 The copper was exposed from 2 to 4 inches in at 

least one conductor every 5 feet by a tan- 
gential-type cut in the insulation. 

Similar to 40 per cent fill except copper ex- 
posed at 4-foot intervals with clusters of 
wires damaged at some locations. 

At least two conductors completely severed. 
Clusters of six to eight wires damaged at 
some locations. 

RH-RW . .No marks or scuffs 

RH-RW... .50 No marks or scuffs 

A one-minute, 1,500-volt, a-c dielectric test was conducted on the following: 

40 14 RH-RW 40 OK except one wire. Examination disclosed 
two jagged edge cuts approximately 1/4 inch 
long in the direction of the binder thread. 

RH-RW Withstood test potential. 

rw OK except one wire. Copper exposed for 
approximately 31/2 inch by tangential slice 
cut in insulation 

OK except one wire. Examination disclosed 
jagged scuffed insulation damage. Break- 
down occurred at 1,000 volts. 

Withstood test potential. No visual damage 

Withstood test potential. No visual damage 

Withstood test potential, although braids were 
scuffed at some locations 

Slight scuffs on braid. Withstoc 
tial. 


14 TW 


12 6 


13 é 


10 RH-RW 
14 RH-RW 
6 RH-RW 


RH-RW 


rd test poten- 


type RH-RW, No. 6 AWG wires were used in this test. 
The test was repeated with 30 type RH-RW, No. 10 AWG 
wires and then with 60 type RH, No. 14 AWG wires. 
The results are given in Table X. 
Load Diversity Tests. 


various types, sizes, and numbers of wires installed in 


Load diversity tests were made with 


rigid conduit in concrete with only some of the conductors 
carrying current. 

The results are given in Table VI under the heading 
**2-inch Conduit in Concrete.”’ 


TEST RECORD—FOURTH PHASE 

Heating Tests. Twelve type RH-RW, No. 6 AWG wires 
were installed in 1- by 3-inch steel underfloor raceway. 
The test was repeated with 30 type RH-RW, No. 10 AWG 
wires. 

For comparison, two type RH-RW, No. 10 AWG wires 
were tested in 1/2-inch rigid steel conduit in air. The test 
was repeated with four type RH-RW wires. 

To determine the effect of heating of wires occupying 
more than 40 per cent of the internal cross-sectional area 
of the raceway, 16 type RH-RW, No. 6 AWG conductors 
were tested in 2-inch rigid steel conduit in air. 
No. 6 AWG wires comprise 60-per-cent raceway fill. 

The results of these tests are given in Table XI. 


Conduit Pull-In Tests. ‘To determine the physical limita- 
tions of the placement of wires in a raceway, pull-in tests 
were conducted with 40, 50, 60, and 70 per-cent fill using 
various combinations of types, sizes, and numbers of wires. 

The wires were pulled into the conduit at a rate of 
approximately 1 foot per minute. The force necessary 
for each incremental 20-foot pull was recorded yielding 
measurements for the following: 20 feet, straight; 40 feet, 


Sixteen 
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one 90-degree bend; 60 feet, two 90-degree bends; 80 
feet, three 90-degree bends; 100 feet, four 90-degree bends. 

The results are given in Table XII. 

Following the pull-in tests the wires were pulled out of 
the conduit and examined. Some of the wires were im- 
mersed in a tank of water and subjected to a dielectric 
strength test at 1,500 volts held for one minute, removed 
from the water, and examined for damage. 

The results of the examination and test are given in 


Table XITI. 


RECOMMENDATIONS 


THIS ARTICLE does not specify, for the design engineer 
and others, a specific set of current reduction factors for 
use with more than nine conductors in a steel raceway 
nor an increased raceway fill percentage for wireways and 
auxiliary gutters where a current reduction factor is applied. 
An analysis of the factual data indicates that the following 
additions to the National Electrical Code as proposed by 
the Advisory Working Committee, are appropriate: 


1. That the reduction factors, applicable to Table I 
of the National Electrical Code, for more than nine in- 
sulated conductors in a steel raceway give recognition to 
load diversity and be 70 per cent for 10 to 24 conductors, 60 
per cent for 25 to 42 conductors, and 50 per cent for 43 
and more conductors. 

2. That 40 per-cent raceway fill be used for all race- 
ways, including wireways and auxiliary gutters. 





Classified Area Guarded by TV 


A Philco Corporation industrial television (ITV) instal- 
lation is being used in security control at the company’s 
Government and Industrial Division at Philadelphia, Pa. 
By using ITV, one plant guard can now observe three en- 
trances to classified areas. The inner door of each classified 
area is secured by electric locks which are controlled from 
the guard post. In addition to performing a utilitarian 
task, the ITV installation is expected to furnish valuable 
information on the potential use of such systems in other 
types of plant control. The man shown on the television 
monitor awaits identification by the guard. 
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Transmission of Business Machine Data 


F.B. BRAMHALL 


FELLOW AIEE 


HE TRANSMISSION of digital information in con- 

nection with the operation of business machines is 
engaging increasing attention of communication engineers. 
High-speed electronic computer-type machines are being 
called upon more and more to operate on information fed 
from distant points. This new form of record communica- 
tion results in encoded information which is not at all in- 
telligible in the accustomed sense. It is, nevertheless, teleg- 
raphy in every sense of the word. 

Although it may be expedient to carry out computer func- 
tions of the business machine at high speed, the operating 
speed of the communication circuits which bring informa- 
tion from distant business offices may be quite different. 

Presently, extensive use is being made of conventional 
telegraph facilities and equipment in the field of data 
Fortunately, however, modern record 


processing. com- 


munication facilities lend themselves readily to most 


present needs for data transmission. A substantial number 
of telegraph channels, for the most part operating at 65 words 
per minute speed (45 bits per second), already serve the 
automation of business in integrated data-processing systems. 
A few such systems involve interconnections operating at 
56 bps (bits per second) and others are planned for 75 bps. 
The modern telegraph plant was designed in contempla- 
tion of widespread use of 100-word-per-minute telegraphy. 


Excellent transmission efficiency and long-term stability 


at this higher rate are secured through the universal use of 


frequency modulation, which provides considerable free- 
dom from interruptions due to changes in the “‘vehicle”’ 
channel as well as from errors due to extraneous disturbance 
from all sources. 

In simplest language, these advantages accrue from the 
circumstance that positive control is maintained at all times. 
In transmission, a YES bit is represented by a certain fre- 
quency, and a No bit by another frequency. This contrasts 
strongly with amplitude modulation, where YEs is repre- 
sented by the presence of a carrier, and No is only presumed 
because nothing is transmitted during the intervals of all 
No bits. In the AM, on-off method, spurious impulses due 


to either man-made or natural interference may be easily 


interpreted as YEs during a “‘nothing”’ period. The second 
great advantage of FM also follows from the fact that YES 
and No are represented by equal-valued signals of different 
frequencies. Changes in signal strength do not cause short- 
ening or lengthening of the yes bit with respect to the 
NO. 


standing, attenuation changes on the vehicle carrier system 


Design objectives and automatic controls notwith- 
do occur. Balancing, shielding, and other precautions 
mitigate but never completely eliminate noise, particularly 


“ec 


the “‘abnormal’’ peaks. 
The absolute propagation time of a telegraph circuit is 
ordinarily not a significant characteristic. In the design 


of a data-transmission system, however, absolute delay 
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may be of considerable consequence, particularly if an 
answer-back or an automatic error-correction function is 
involved. The absolute delay from sending mechanism 
to receiving mechanism is about 30 This 
parameter of the usual telegraph transmission facility per- 
haps should be somewhat more carefully broken down. In 


milliseconds. 


the first place, there are differences in absolute delay be- 
tween channels, amounting to nearly 5 milliseconds. These 
differences in delay between paralleling circuits may also 
be of consequence in the design of terminating equipment 
for data-handling systems. Whenever the necessity appears 
such discrepancies may be easily equalized by means of a 
trunk tele- 
graph channel terminal points the delays may readily be 


delay insertion network. Between any two 
made equal within 200 microseconds. 

In addition to the delay of about 30 milliseconds due 
to channelizing equipment, there are delays due to 
vehicle band equipment and to line propagation. 
vehicle band equipment may be approximated at 1 milli- 
second per band section (two terminals). The line propa- 


gation time on wide-band systems, including repeaters, 


is approximately 8 microseconds per mile. Microwave 
facilities, exclusive of channelizing equipment but which in- 
clude repeaters, account for about 6 microseconds delay per 
mile. 

Whenever there are telegraph sections connected together 
in tandem, distortion is greater than for the single section. 
Generalizations on the amount of distortion on multisection 
circuits are of little value. Whenever, after 3 or 4 tandem 
section interconnections, it exceeds 25 per cent, regenerative 
repeaters are employed. ‘These restore transmission effi- 
ciency to about 100 per cent and the signals then may be 
passed through a number of additional sections before be- 
coming materially degraded again. 

Present-day trunk telegraph facilities were designed to 
have adequate margin and dependability to permit the 
elimination of the editing necessarily accompanying the 
older methods. Message traffic today is largely automati- 
cally routed. In any event, no more than the address is sub- 
ject to human scrutiny anywhere between origin and 
destination. Transmission efficiency must of necessity be 
excellent or an intolerable number of messages would arrive 
at wrong destinations. In addition, modern private-wire 
telegraph networks often call for many telegraph sections to 
be connected together in tandem. This requirement, too, 
For these 
reasons, the telegraph plant is being found highly satis- 


factory for integrated data processing. 


demands facilities of excellent performance. 
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A High-Voltage Insulation Tester and Its 
Application to Railway Electrical Equipment 


K. HEWSON 


MEMBER ATEI 


A new d-c test instrument, which makes it pos- 
sible to extend d-c testing to traction electrical 
equipment, is described and procedures for 
applying this test to wound equipment are de- 
tailed. Results, as derived from a number of 
representative tests using the set, are given. 


URING 
D auxiliary 


has 


THE ERA of steam 
electric equipment in railroad operations 
With 


introduction of trolley-fed electric locomotives and the more 


locomotives, failure of 


been a relatively problem the 


recent shifting from steam locomotives to diesel-electric 


locomotives, an effective electrical maintenance program 


has become an important part of efficient railroad opera- 
tions. Because this is still a comparatively new field in the 
electrical 


**fluid”’ 


the electrical main- 


long history of railroad operations, railroad 


maintenance techniques are still in a relatively 
stage as compared with, for instance, 
tenance program of the electric power companies. 

There are many railroad operating functions in which the 
continuous and dependable operation of electric equip- 
ment is a prime requirement. For example, on electrified 
systems, if electric power failed, the entire operations would 


cease until a substitute form of motive power was made 


available or until repairs were made and power restored. 


On dieselized systems, failure of the electric equipment on 


diesel-electric locomotives can seriously disrupt normal 
operations, although on both types ol systems, failure of the 
That this is 


matter of grave and increasing importance to the railroads 


signal systems can be a very serious matter. 


Fig. 1. 
0-5-kv 


D-c test set, 
110- 
input, 


output, 
40-watts 
equipped with sensi- 


volts 


tive vacuum-tube mi- 
croammeter to detect 
from 0.002 


microampere to 1 


currents 


milliampere in five 


ranges. 
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D E STAFFORD 


MEMBER AIEE 


is Clearly indicated by the serious effect on train schedules 
when locomotive breakdowns occur. 

A further factor involved in railroad electrical mainte- 
nance problems is the severe operating conditions to which 
electric equipment is subjected. Dirt, heat, moisture, and 
vibration are some of the major enemies of electrical insula- 
tion. In the design of electric machinery, much effort is 
directed toward elimination of these enemies of insulation. 
However, complete elimination is not possible, especially in 
mobile electric machinery. Vibration, moisture, dirt, and 
heat are always present in varying amounts and, conse- 
quently, the electrical insulation on mobile electric ma- 
chinery, equipment, and wiring suffers accordingly. 

One of the more difficult problems in railroad electrical 
maintenance work is to know that the insulation is in good 
condition and that such insulation is not going to fail with- 
out warning. Insulation breakdown is a prime cause for 
electrical failures and resultant delays in train movements, 


particularly on main-line locomotives. 


INSULATION FAILURE 

THE MAJOR PROBLEM for discussion in this article is how 
to detect deterioration in the electrical insulation of the 
various parts of mobile electric machinery before actual 
breakdown and failure in service occurs and by a test 
method which, in itself, does not damage the insulation. 

In railroad operations, there are many different pieces of 
electric equipment that must continue to function without 
failure in order to maintain schedules at full efficiency. In 
diesel-electric equipment, the electric transmission consists 
of the main generator, traction motors, and associated con- 
trol and auxiliary equipment. 
would cause the locomotive to become inoperative. 


Failure of any of these items 
The 
auxiliary equipment includes the generator exciter, auxiliary 
generator for low-voltage circuits and battery charging, 
variable-speed traction motor blowers, auxiliary generator 
to power the traction motor blowers and radiator cooling 
fans, dynamic braking equipment including resistors and 
blowers, and other miscellaneous small pumps and blowers. 
Failure of any of these auxiliary items would cause either 
complete shut down of the entire unit or greatly reduced 
efficiency. Because of weight and space limitations, the 
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Fig. 2. Schematic circuit diagram of d-c insulation tester. 


insulation of equipment, especially the traction motors, is 
thinner, stressed more, and worked harder under more 
adverse conditions than on almost any other class of equip- 
ment. Before applying insulation tests to traction motors 
ind generators of the types and sizes used on diesel-electric 
and a-c trolley locomotives and cars, one must take into 
consideration the different designs and operating conditions. 
Although there has been extensive application of d-c testing 
to high-voltage stator windings, as used in the main genera- 
tors of electric power systems, and many papers have been 
published giving the results of these tests, comparatively 
little d-c testing has been done on railway equipment.! 

To provide maximum ratings in the available space, the 
armature windings of traction propulsion motors take ad- 
vantage of the dielectric and heat resistant properties of the 
more recently developed insulation materials and are pro- 
vided with a lower thickness insulation wall when compared 


In 


general, these units are provided with Class H or Class B, 


with similar traction equipment of older designs. 


or a combination of the two classes of insulation. 

A number of authors in earlier technical papers have 
pointed out the advantages of maintaining records of the 
insulation resistance as periodic d-c tests may be applied to 
a winding during normal overhaul or maintenance outages.’ 
It is now the practice of most operators of transportation 
motors and generators to schedule regular overhaul equip- 
ment outages, either on a mileage basis or on a calendar 
basis. ‘Therefore, tests which would indicate the relative 
condition of insulation will fit very nicely into these regu- 
larly scheduled maintenance service periods. An instru- 
ment, described in the following section, has been developed 
which will permit the accumulation of the test data nec- 
essary for fulfilling the requirements suggested in this dis- 


cussion. 


DESCRIPTION OF TEST SET 


THIS INSTRUMENT incorporates the requirements for a field 
insulation test set, including performance, sensitivity, port- 
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ability, ruggedness, freedom from damage to the equipment 
under test, and safety for test personnel. 

The 5-kv insulation test set, shown in Fig. 1, is a suitable 
instrument for performing insulation resistance and d-c 
over-potential tests on medium-sized electric systems in the 
1,000 volt and lower voltage classes, such as railway mobile 
diesel-electric equipment. Its continuously variable power 
supply and unusually sensitive microammeter permit the 
making of accurate insulation resistance tests on anything 
from the smallest test sample to the largest traction motor or 
generator. Its full 5,000-volt output voltage allows over- 
potential tests to be made on all low- and medium-voltage 
classes of equipmen For the schematic diagram of this 
instrument, see Fig. 2 
The 


instrument indicates insulation leakage currents from 0.01 


high-sensitivity wide-range microammeter of this 


microampere to 1.0 milliampere. This very wide range of 
current (contained in five meter ranges of 0.1, 1.0, 10, 100, 
and 1,000 microamperes full scale) includes values of leakage 


current likely to be encountered in almost any test situation 
The 5,000-volt power supply has rated current output of 1.0 


milliampere. In actual practice, somewhat more current 
than this is available for short periods without danger of 


[he instrument is not harmed 


uited for a short period. 


damage to the instrument. 
if its output is short-cir 


] 
elliow 


Two high-voltage terminals are provided a 


terminal which is connected through a high value curren 


which 1s conn 


Che 


l value > 


limiting resistor, and a red terminal 


directly to the pply output. maximum 


power-sup 
il is limited to 


ngerous shock if the 


rent to the vellow termin: 


create no hazard o operator 


accidentally ntact with wires connected to 


terminal. Although the steady short-circuit current 


through the red il is very small, the surge caused | 


the discharge of the internal capacitors on shortin 


appreciable, and standard safety practices for handling 
1t should be followed when using this 


high-voltage equipme! 
terminal. 


1 
lardea 


4 guard terminal als 


is provided for 


insulation resistance tests, when desired. 


Typical arrangement for making insulation tests using 5-kv d-c tester 
yP g 9g : 


Fig. 3. 


on a traction-motor armature. 
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This test instrument is small in size (less than 1-foot cube) 
and light in weight (less than 15 pounds). It is housed in 
a sturdy light-weight aluminum cabinet. A standard con- 
venience outlet (115 volts, 60 cps) is required to power the 
instrument. Power consumption of the instrument is less 


than 40 watts. 


D-C INSULATION TEST PROCEDURES 


THE FEATURES SOUGHT in a test procedure intended 
especially for use in a railroad electrical insulation main- 
tenance program include: (1) reasonable certainty of the 
present condition of the insulation, i.e., whether the insula- 
tion under test is in sound condition and may be operated 
under full load for a further period without additional test- 
ing; (2) complete portability of the test equipment, i.e., 
small and light enough to be carried easily by one man; 
(3) rugged test equipment that is not easily damaged or put 
out of adjustment by normal usage; and (4) safe test equip- 
ment, i.e., safe from the standpoint of the operator and also 
safe from the standpoint that the test will not damage or 
weaken the insulation test specimen. 

This last requirement is of particular importance to the 
electrical maintenance men on railroads as, under the Inter- 
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Fig. 4 (left). 
microamperes show the relatively small leakage currents involved in these 
Fig. 5 (right). 


motor armatures. 


Form used for recording test data. The recorded values in 


tests. Installation resistance vs voltage curves for new traction- 


state Commerce Commission’s (ICC) Rule 253, an over- 
voltage test on all locomotive electric equipment is required 
*“Not 


less than once every year, an insulation dielectric test of not 


ut least once a year. This ICC rule reads as follows: 
less than 1-minute duration shall be applied to all circuits 
and parts carrying current with potential of more than 150 
volts. The voltage applied to circuits, other than motor or 
generator windings, shall be not less than 75 per cent above 
the normal working voltage; the voltage supplied to wind- 
ings shall be not less than 50 per cent above the normal 
working voltage. A careful examination shall be made of 
any weakness indicated and all defects remedied before the 
locomotive is put in use.” 

An a-c high-potential test may be applied to meet ICC 
requirements, but does not provide any indication of the 
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relative condition of the insulation. A high-voltage d-c 
insulation resistance test, when correlated with tempera- 
ture, humidity, cleanliness of the insulation under test, and 
past records of insulation resistance, can give a good indi- 
cation of the amount of moisture which is present either on 
the surface of, or absorbed into, the interior of the insu- 
lation. 

Standard specifications* call for making these d-c insula- 
tion resistance tests from 500 to 5,000 volts for all classes 
and voltage ratings of machinery. Recent investigation 
indicates the desirability of making insulation resistance 
measurements considerably above the operating volt- 
ages.*5 Some research*®’ points towards the fact that a 
series of insulation resistance measurements, made at suc- 
cessively higher voltages plotted as a function of voltage 
and extrapolated to the zero resistance point, will indicate 
the approximate dielectric strength of the insulation before 
it is actually broken down. Other workers claim, however, 
that this is not necessarily so, and further work is needed in 
this field before it is possible to reach definite conclu- 
sions. 

A second test to be applied to a system of electrical insula- 
tion is an overpotential test. This is usually made after an 
insulation resistance test at lower voltages indicate that the 
insulation is clean and dry. Either a-c or d-c voltage may 
be used for overpotential tests. When the overpotential 
test voltage is d-c and of sufficient magnitude, it is suffi- 
ciently searching to pinpoint any insulation faults or damage 
which would be likely to cause breakdown in service with 
negligible probability of damage to sound insulation.? 

Recent studies indicate repetitive application of high- 
potential d-c tests are not damaging to sound electrical 
machine insulation. Each successive a-c overpotential test 
reduces the life of the insulation. These factors, plus the 
availability of small light-weight high-voltage d-c insulation 
testers, capable of making both insulation resistance and 


high-potential tests, are resulting in the extensive use of d-c 


tests to supplant a-c tests.® 

The d-c tests, when performed on a regular basis and cor- 
related with previously obtained data, will enable the main- 
tenance specialist to detect impending weaknesses before 
they become serious enough to cause failure in service and 


may enable a far less expensive repair to be made. 
TEST RESULTS 

THE TRACTION MOTOR UNIT was selected for concentrated 
testing, so most of the data presented is based on the arma- 
ture units for traction motors. In general, all the armatures 
tested have approximately the same dimensional charac- 
teristics, although there are variations in copper size, copper 
arrangements in the slot, and the insulation types among 
the motors of various manufacturers. These variables 
apparently do not change the insulation resistance appre- 
ciably. The motors tested were designed for operating 
voltages of 1,000 and less. A typical traction-motor arma- 
ture undergoing the d-c test is shown in Fig. 3. The over- 
potential test was combined with the insulation resistance 
test in the form of a series of 10-minute insulation resistance 
measurements at voltages from 500 volts up to the over- 
potential test voltage. The maximum d-c voltage applied 
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in the tests was 1.6 times the normal 1-minute a-c over- 
potential test voltage. 

In order that the necessary test values may be recorded, 
This 


form provides for recording the microampere leakage cur- 


a form of the general type as shown in Fig. 4 was used. 


rent meter readings at 1/2-, 1-, 2-, 5-, and 10-minute 


intervals at various applied d-c voltages. A typical set of 
readings is included. 

Fig. 5 shows test curves of insulation resistance as plotted 
Fig 


old windings of the same type as shown in Fig. 5 


for new armature windings 6 shows similar tests on 
These 
windings had not failed and would normally be suitable for 
reconditioning and reusing on what is termed in the railroad 
‘‘mileage overhaul.’’ Accumulaticn of 


industry as a test 


data of this type on used armatures, using the instrumenta- 


MEGOHMS 


Fig. 6. Insulation 


vs voltage curves for arma- 


resistance 


tures removed at scheduled 


PERCENT TEST VOLTAGE 


motor over-haul. 


tion covered in this article, should permit the detection of 
some types of impending faults \ continued reduction of 
the 10-minute insulation resistance values, determined at 
regular mileage service periods, would be an indication of 
Surface leakage caused by an 


insulation dete ioration. 


accumulation of conducting material on the armature sur- 


faces providing leakage paths results in curves of the type 
Fig. 
2 of Fig. 


vapor degreasing and a 


shown by curve 7 of [his armature gave a 


test 
curve as shown in curve after trichloroethylene 


After 


vacuum impregnation in an insulating varnish, the insula- 


corn-cob blast cleaning 
tion resistance ¢ urve of the armature was as shown in curve 
3 of Fig. 

Che data for the curves mentioned were taken in an area 


I his 


fluctuating input line voltage caused the d-c test voltage to 


where the line-voltage fluctuations were very erratic. 


vary above and below the average voltage impressed on the 
machine and the microammeter, indicating charging and 
discharging currents as variations occurred in the resultant 
d-c test voltage. The usual procedure is to record the aver- 
age indicated value of a wavering meter pointer, and this is 
normally sufficiently accurate for this type testing in service 
However, in this case, 


application. two types of voltage 


regulators were available and were used—first, separately, 
and later in a series combination to provide maximum 


steadiness of the recorded values of meter readings. 
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CONCLUSIONS 


[HE RAILROAD INDUSTRY, by widespread dieselization and 
electrification, is confronted with major problems in estab- 
lishing electrical maintenance procedures which will re 


duce to a minimum train delays caused by electrical 


failures. 
Che use of d-c maintenance test procedures by the rail- 
road industry is an effective method for improving control 


over electric outages caused by insulation failures Che 


d-c insulation test set described in this article is ; 


suital 
instrument for testing railway electric equipment 

It is the authors’ conviction that by the use of high-voltage 
d-c insulation tests, the reliability of important electri 
transmission and traction equipment can be improved. It 


is hoped that the data presented will serve as a guide and 








Fig. 7. 


vs voltage for an armature 


Insulation resistance 





armature as 
to be 


curve 2 is for 


curve | is for 





removed from motor 
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overhauled; 


same armature after tri- 


chloroethylene vapor de- 


yo temas oo 
greasing and ground corn-cob 
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blast cleaning; and curve 3 


is for same armature after 


varnish and baking cycle. 


encourage others to collect and present additional data, so 


that more extensive knowledge problem may be 


gained. 
It is recommended that test procedures be 
the Land 


the objective of establishing a standard method of applica- 


intensively by [ransportation Committee with 


tion of d-c tests on railway electric equipment 
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HE HIGH COST of serving higher density residential 
loads 120/240-volt radial 


system and the use of higher secondary voltages in com- 


with the conventional 
mercial areas suggest that the potentialities of higher 
voltage systems should be studied for residential areas. 
The purpose of this article is to present and compare the 
results of such studies with the results of studies of the 
conventional 120/240-volt radial system. The compari- 
sons of the systems are based on optimized system costs. 
System studies were made for a new residential area 
14,000 


made for several average peak diversified demands, up to 


having approximately houses. The studies were 
and including 10 kva per house. 

The single-phase systems studied utilized 120/240-volt 
and 240/480-volt secondaries, and the 3-phase systems 
studied utilized 120/208-volt and 265/460-volt secondaries. 

A subtransmission voltage of 34.5 kv was assumed to be 
available to serve the area. Large distribution substations 
were assumed to step down from 34.5 kv to the distribution 
voltage of 4.16 kv to supply the conventional 120/240-volt 
The 120/208-volt, 240/480-volt, and 265/460- 


For the 


system. 
volt systems were supplied directly at 34.5 kv. 
purpose of further comparison, the 120/240-volt system was 
also studied, assuming 34.5 kv as the primary feeder voltage. 

A 3-wire house service was assumed for the 120/240- 
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Fig 1 Overhead system investment in dollars vs average peak diversified 


demand—based on 1,000 houses. 
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and 120/208-volt 
tems, 240/480 or 
assumed. 


systems. For the higher voltage sys- 
265/460 volts, a 
An autotransformer was included in the service 


2-wire service was 
to each house served at 240 or 265 volts to provide 120 
volts for lighting and convenience outlet loads. The 
higher single-phase voltage (240 or 265 volts) was as- 
sumed to serve all of the fixed high-wattage appliances, 
such as ranges, not served through the autotransformer. 

Length of secondary circuits permissible at higher volt- 
ages made it practical to use an area coverage rather than 
a linear coverage. Hence, more load was served from one 
distribution transformer in the higher voltage systems. 
Significantly larger transformers at the higher voltage 
are used, with a lower cost per kva. Also, the total in- 
stalled transformer capacity is lower at the higher voltage 
because of a gain in diversity. 

The results of these studies are presented in Figs. 1 and 2. 
rhe curves in these figures show that both the 3-phase 
265/460-volt the single-phase 240/480-volt 
system offer economies for the assumptions made. 
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N INVESTIGATION has been conducted to determine 
the applicability of junction transistors to carrier fre- 
quency summing amplifiers of the type commonly used, for 
example, in the a-c analogue computers of military fire- 
control systems. The general form of the summing ampli- 
fier is shown in Fig. 1. Usually, large amounts of negative 
feedback are employed .to maintain a high computing 
accuracy. The techniques used in the design of low fre- 
quency vacuum-tube feedback amplifiers are well known 
and so there is a tendency to determine if they are applicable 
to an equivalent transistor amplifier. Recognizing the 
transistor as the only new circuit element, a knowledge of 
its circuit behavior is essential. This paper, therefore, 
describes briefly some of the basic problems confronting the 
designer of transistor feedback circuits. ‘The problems were 
investigated from both an analytical and experimental point 
of view and lead to the evolution of one design philosophy 
which yielded satisfactory results when applied to the 
design of an experimental 5-stage amplifier utilizing transis- 
tors which were commercially available in mid-1954. Typi- 
cal transistors are the type 2N34 and newer type 2N709. 

Preliminary to a discussion of those characteristics peculiar 
to transistor circuits, some of the important aspects of the 
circuit of Fig. 1 are considered. For summing amplifiers, 
the greatest concern is the dynamic accuracy and stability of 
the device. It is shown that the value of the design center 
loop gain required to maintain a specified maximum error is 
determined by how much the loop gain can vary. Varia- 
tions of the loop gain are attributable to the nonuniformity 
of transistor characteristics, transistor aging, component 
tolerances, environmental conditions, and so on. A de- 
sirable situation, therefore, is to realize a low dynamic 
error with as low a value of loop gain as possible, since a 
large value of loop gain is troublesome from the point of 
view of stability. If the loop gain can be constrained to 
vary between narrow limits, the stability problem is re- 
duced significantly. Hence, in order to determine how 
much loop gain is required, an investigation of the behavior 
of the transistor gain and terminal impedances is necessary. 
In addition, an examination of the amplitude and phase 
characteristics of certain transistor parameters is essential 
to the stability problem. 

In particular, the magnitude variations and frequency 
characteristics of the current gain, input impedance, and 
transconductance have been investigated. The variations 
of these parameters was sufficiently large to make the loop- 
gain requirements prohibitive from the standpoint of sta- 
bility. Therefore, in accordance with the preceding dis- 


cussion, a means of minimizing the variation was sought. 
It has been found that local current and voltage feedback, 
or self-feedback, applied to each stage in the manner shown 
in Fig. 2 for the common-emitter amplifier, was highly effec- 
tive in 


The effect of self- 


minimizing the variations. 






NoveEMBER 1956 








Use of Junction Transistors in Computer Amplifiers 


W. A. CURTIN 


Curtin—Junction Transistors 














Fig. 1. General form of the linear parallel feedback amplifier. 
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feedback on gain and impedance levels has been determined, 
and design equations for the common-emitter configura- 
tion have been derived which define transistor behavior in 
the presence of self-feedback. 
tremely useful for designing 


[hese equations are ex- 


transistor circuits utilizing 


typical manufacturer’s data. The phase shift of the trans- 
conductance is then shown to be the most important factor 
limiting the maximum available loop gain, a different situa- 
tion from that which is normally encountered in the design 
of vacuum-tube amplifiers in the same frequency range. 

An experimental 5-stage amplifier, based on the principles 
discussed, was designed. A maximum stable loop gain of 
60 db is obtained. In the closed loop, the amplifier is 
capable of summing two 400-cycle input signals with unity 
gain, and has a 100 kilohms input impedance per input 
[he maximum error is +0.1 per cent when the loop gain 
is subject to a 50 per cent variation. Stabilization against 
oscillation is effected using the simple resistance-capacitance 
networks commonly used in equivalent vacuum-tube de- 
vices. 
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A Delta-B Indicator 


H. W. LORD 


FELLOW AITIEIEI 


Control of magnetic characteristics of toroidal 
cores has been successfully accomplished by 
this indicator, comprised of an integrating 
and a linear 


amplifier, and peak-to-peak 


voltmeter. 


ANY TYPES of magnetic-amplifier circuits require 
toroidal magnetic cores used therein are 
Also, 
in full-wave circuits, the two cores of a single-ended circuit 
the 


that the 

uniform as to their magnetic characteristics. 
and four cores of a push-pull circuit require close 
matching among the cores of a specific unit. 

A number of core-testing circuits have been devised to 
facilitate the grading and matching of cores, without the 
need for actually winding a considerable number of turns 
of wire around the core. During the “‘setting’’ phase of the 
operation, nearly all of such test circuits cause the rate-of- 
change of flux in the core to be at least an order of magnitude 


greater than it is during the “resetting”? phase of operation. 
As a result, the voltage induced in the few turns of the “‘B”’ 
coil, commonly employed to indicate the flux change in the 
core, is highly distorted. It usually consists of a narrow 
peak of relatively high amplitude during the “‘setting”’ in- 
terval and a relatively low voltage lasting for the entire ‘‘re- 
interval. 


When the “B”’ 


core, the rectified average voltage induced in the coil is so 


setting” 


coil consists of only a few turns linking the 


low as to require a considerable amount of linear amplifica- 
tion by electronic means before its value can be indicated by 
a D’Arsonval-type of meter. The amplification of the 


highly distorted voltage waveform induced in the ‘‘B”’ coil 
of many core-testing circuits imposes severe requirements 


upon the electronic amplifier. Most commercially avail- 


able vacuum-tube voltmeters are unsatisfactory for use under 
such conditions The delta-B indicator described in this 


irticle was devised to overcome this difficulty 


PRINCIPLES 
of the “*B”’ 


tegrated by means of a serially connected resistor and capaci- 


IF THE OUTPUT VOLTAGI coil is electrically in- 
tor of suitable values, the waveshape of the voltage appear- 
ing across the capacitor will be the same as the waveshape 
of varying flux in the core under test. Since the maximum 
flux density change is limited by the saturation density of the 
core material, then, for a given core area and “‘B”’ coil, there 
will be a certain maximum peak-to-peak voltage across the 
capacitor of the integrator circuit regardless of the test 
frequency and the rate-of-change of flux in the core under 


test. 


This integrator voltage, therefore, can be amplified by 


a conventional linear amplifier without danger of overload- 


ing effects by excessive voltage peaks. 
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Now, since the peak-to-peak voltage of the integrated 
‘*B” coil voltage is proportional to the total flux change AB 
in the core under test, an indicating instrument capable of 
measuring this total swing will read proportional to AB. 
The d-c voltage output of a voltage-doubler rectifier circuit 
is very nearly equal to the peak-to-peak value of the a-c 
voltage fed into the doubler rectifier. So if the amplified 
integrator output voltage is fed into a suitable doubler 
rectifier circuit, the d-c output voltage of the doubler will 
be directly proportional to the AB in the core under test. 


CIRCUIT 
A SCHEMATIC DIAGRAM of a AB indicating circuit employ- 
ing these principles is shown in Fig. 1. Starting from the 
INPUT 


the first two tubes, 7; and 7», and associated circuitry com- 


terminals, across which the “B” coil is connected, 
prise a so-called Miller-type of integrating amplifier, which 
is equivalent functionally to an R-C voltage integrator and 
subsequent amplifier. The cathode-follower-connected 7»: 
tube eliminates the loading effect upon the plate circuit of 
the amplifier tube of the 0.015-microfarad feedback integra- 
tor capacitor C,;. In the Miller-type of integrator, the 
effective integrating capacitance is the product of the feed- 
back capacitance and the gain of the amplifier. For the 
circuit constants used in this integrating amplifier, the gain 
of the amplifier is approximately 70, hence the effective 
integrating Capacitance is approximately 1.05 microfarads 
The time constant of this, in combination with the 240,000- 
ohm input resistor R,, is therefore approximately 0.25 
second 

Che integrating amplifier is followed by a high-gain linear 
amplifier consisting of the two halves of a 72AX7 tube, T3,4 
and 7;,, and another cathode-follower output tube 7°. 
The gain of this amplifier is stabilized by means of inverse 
feedback provided by the 240,000-ohm resistor R2 and 0.5- 
microfarad blocking capacitor C» 

The output voltage of the cathode follower tube 7° is fed 
into the peak-to-peak voltmeter circuit. This voltmeter 
circuit consists of the two 7N92 diodes, the two 1.0-micro- 
the 0-2 


meter J, with adjustable series resistance R; for adjusting the 
J 


farad capacitors, C3; and Cy, and microampere 


calibration of the voltmeter. The capacitor C; between the 


cathode of tube 7, and the first diode serves the dual func- 
tion of blocking the d-c voltage across the 50,000-ohm out- 


put resistor Ry of the cathode follower and providing one 
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of the capacitors of the voltage-doubler rectifier circuit. 


WAVE FORM 


AN INDICATION of the extent to which the integrating 
function of the delta-B indicator converts the highly 
peaked voltage wave to a wave form, which readily can be 
amplified, is had by comparing the wave shapes shown by 
Fig. 2. Curve A of Fig. 2 is an oscillogram of the voltage 
induced in the ‘‘B” coil of a Dynamax core under test in a 
circuit, which employs a half-cycle sinusoidal ‘“‘setting’’ 
current and a constant direct current from a high-impedance 
source for ‘‘resetting.”’ 
curve A is impressed upon the input terminals of the delta-B 
indicator, curve B of Fig. 2 shows the voltage which appears 
at the output of the integrating amplifier. Curve B, the 
integral of curve A, is indicative of the shape of the varia- 
tion in flux density in the core under test. Since the “‘set- 
ting’’ current always saturates the core in the direction 
shown as a positive deflection of curve B, the saturation 
density of the core material under test provides a fairly 
reliable reference for this curve of flux density versus time. 
[he steepness of the positive-going portion of curve B in- 
dicates the rapidity with which the flux density is brought 
to saturation density by the “setting” circuit. It is the 
high rate-of-change of flux at this portion of the wave of 
core flux which induces the peak of voltage in the “‘B” 
coil. 

In order that the readings of the indicating microammeter 
be related to the AB of the core under test, a sinusoidal volt- 
age of known frequency is used to obtain a calibration curve 
of the relation between the quotient of the rectified average 
input voltage E,,, divided by frequency f, and the indicating 
instrument J, reading in microamperes. This is possible 
since the integrating circuit makes the quantity £,,/f 
a constant, regardless of frequency, for any given value 
indicated on the peak-to-peak voltmeter. Then, since 
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where A is net core area and JN is the number of turns on the 
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Fig. 1 (left). 
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Schematic circuit diagram of the 
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“B” coil, the AB for a certain value of indicated current can 


be calculated. The same calibration can be used for all 


test frequencies within the frequency range of the linear 
amplifier. 


USES 


His DELTA-B INDICATOR has been used successfully in 
core matching and grading test gear of the Aeronautics 
Ordnance Systems Department of the General Electric Com- 
pany. Their engineers report that they have incorporated 
this device in core testers in their laboratory and in their 
manufacturing facilities. Also, one of their core suppliers 
has duplicated their testers for controlling the quality of the 


core supplied to them by that vendor 
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Ultrasonic Tire Tester 


Uniformly high standards of quality in the manufacture of 
new tires and considerable savings in retreading operations 
can be achieved with an ultrasonic testing device introduced 
by the Industrial and Scientific Products Division of the 
Curtiss-Wright Corporation, Caldwell, N. J. The ultra- 
sonic tire tester locates and measures flaws in new or used 
automobile, bus, truck, and aircraft tires through the us« 
of silent, invisible, nondestructive beams. Even such 
obscure imperfections as minute blisters and tread sepa- 


rations are reported on an indicator, permitting rejects o 


castings with flaws larger than a predetermined size. Sim- 
plicity of operation is an outstanding feature of the com- 
pact equipment. Testing is accomplished by immersing a 
tire in a liquid bath containing a transmitter which directs 
an ultrasonic beam through the tire to a receiving sound- 


head suspended inside the casing. 
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In view of the nature of the steel-making process, 
a high degree of reliability in electrical service 
is absolutely essential. The problems involved 
in steel-plant electric systems are discussed. 


HE STEEL INDUSTRY is one of the largest indus- 
"Leia users of electricity in the United States. The elec- 

trical problems encountered range through generation, 
transmission, distribution, and utilization. 

The annual production of steel in the United States in 
1955 was 116 million ingot tons. The electric energy used 
by the steel industry during this same year was 27 billion 
kwhr. 


production. 


This corresponds to about 232 kwhr per ingot ton of 


The nature of the steel-making process is such that a high 
degree of electrical service reliability is required in some 
areas to avoid consequential damage. In all areas, loss of 
production caused by electric outages makes it necessary 
that a high degree of service reliability be designed into the 
system. 


PLANT LAYOUT 


INDIVIDUAL PLANTS vary widely depending upon the 
nature of the terrain and the historical growth pattern. 
The plant layout, load magnitude, and distribution are im- 
portant factors in selecting the proper voltages and in de- 
signing the electrical distribution system. The nature of 
some of these factors can best be illustrated by an example. 
Fig. 1 is a layout of a hypothetical integrated steel mill which 
This mill is located 
near a river or lake which provides low-cost transportation 


will be used for discussion purposes. 


for raw materials and adequate water supplies for cooling 
furnaces, condensers in the powerhouse, and other mis- 
cellaneous uses. The powerhouse is located close to the 
blast furnaces to reduce the distance the blast-furnace gas 
must be transported to provide fuel for the powerhouse 
boilers, and to reduce the distance over which the steam for 
the blast furnace turboblowers must be piped. 


The flow of material is as follows: 


1. Raw 


9 


the blast 


Pig iron from the blast furnaces, and scrap are put 


materials are loaded into furnace. 


into the open-hearth furnaces. 

3. Steel from the open hearth is poured into ingot molds. 
4. Ingots are transported to the soaking pits to provide 

proper and uniform temperature of the ingots for rolling. 
5. Ingots from the soaking pits are fed into the mills. 


Coke is obtained for the blast furnace by heating coal to a 
high temperature for a few hours in coke ovens. This 
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drives off the tars and high-Btu-content gases. These gases 
are frequently mixed with blast-furnace gas and piped to the 
open hearth furnaces and soaking pits for use as fuel. The 
residue of the coal, after the gases and tars are driven off is 
almost pure carbon and is called coke. 

Raw material for the are furnaces consists of scrap and 
refining materials. Some plants supply molten pig iron to 
the arc furnaces and add scrap and other materials re- 
quired to make the desired grade of steel. 
a hot metal charge. 


This is known as 
The power supply for the arc fur- 
naces usually is segregated from the other loads to minimize 
voltage flicker problems. 


ELECTRIC ENERGY GENERATION 

IT IS THEORETICALLY POSSIBLE for a well-balanced inte- 
grated steel mill with modern facilities and efficient prac- 
tices to produce all of the electric power required for the 
various processes from the waste heat and by-product fuels 
available from the process. 

Coal is the primary fuel. Blast-furnace gas, coke-oven 
gas, and waste-heat boilers on the open hearth furnaces 
are the principal sources of by-product fuel and heat energy 
utilized. The blast furnace requires more fuel than any of 
the other process units in the plant, and provides the largest 
surplus of by-product fuel, which can be used for power 
generation. 

A blast furnace can be expected to produce about 120,000 
cubic feet of gas per ton of pig iron produced. There will 
be some variation of this figure depending upon the quan- 
tity of coke used per unit of output. The gas is lean, 
averaging about 90 Btu per cubic foot; consequently, it has 
a large volume per unit heat content. For this reason, it is 
desirable to use it close to the source. 

From 25 to 30 per cent of this gas will normally be used 
in the stoves for preheating the air to the blast furnaces. 
Another 25 to 30 per cent will be used for other purposes, 
principally furnace blowing, soaking pits, reheating furna- 
ces, losses, etc., leaving from 40 to 50 per cent for the gener- 
ation of electric power. Assuming a 25 per cent station 
heat rate, this indicates that for each ton of pig iron pro- 
duced, from 316 to 394 kwhr of electricity could be pro- 
duced. 
about 0.73 ton of pig and 0.27 ton of scrap, on the average, 
this indicates that in terms of ingot tons of steel produced 


Inasmuch as each ton of ingot normally contains 
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the excess blast-furnace gas can generate from 230 to 288 
kwhr per ingot ton. 

Thus, a modern blast furnace rated 1,500 tons of pig iron 
per day will provide enough excess gas to generate from 
475,000 to 594,000 kwhr per day or from 19,750 to 24,700 
kw. 


Although this excess gas is not salable for normal com- 
mercial distribution because of the excessive volume per 
unit of heat content, it provides a very attractive low-cost 
fuel for the generation of electric power by the steel plant. 


ELECTRIC ENERGY CONSUMPTION 


THE AMOUNT OF ELECTRIC ENERGY required to produce a 
ton of finished steel varies widely and depends upon whether 
it is produced by open-hearth or electric furnaces, and 
upon the final finished product. 
from 200 to 300 kwhr per ton. 


Typical figures range 
Electric-arc furnaces re- 
quire from 500 to 600 kwhr per ton starting with a cold scrap 
charge. ‘The increasing use of arc furnaces will tend to in- 
crease the average amount of electric energy per ton of 
finished steel. 

In an integrated plant that produces steel from raw ma- 
terials in blast and open-hearth furnaces (no electric-arc 
furnaces) the power consumption will vary from 200 to 250 
kwhr per ingot ton of steel produced, when the ingots are 
rolled into a well-distributed list of finished products. 

Table I lists some average power requirements for dif- 
ferent types of rolling mills and includes all auxiliary a-c 
and d-c power as well as the main work roll drives. These 
are listed only to give a rough idea of the power require- 
ments of different types of mills. A more accurate calcula- 
tion of power requirements can be made for a given case 
when the particular alloy and range of products to be rolled 
is known.!: ® 8 





Table I 

Process Kwhr per Ton of Product 
Coke plant 17* 
Blast furnaces 10t 
Open hearth 8t 
Blooming or slabbing mill 20 - 25 
Plate mill. . 30 - 40 
Hot strip mill 89 - 90 
Cold strip mill 80 - 100 
Billet mill.... 20 - 30 
Rod or bar mill 60 — 80 
Structural and rail mills 30 — 60 
Continuous pickling 6-7 
Electrolytic cleaning. 8-9 
Tin-mill annealing 15-20 
Tin-mill temper rolling 15-20 
Electrolytic tinning 90-110 
Sheet-mill galvanizing. 25 — 30 


* Kwhr per ton of coke produced. 
+ Kwhr per ton of pig iron. 


¢~ Kwhr per ton of steel ingots. 


A plant may have more or fewer of such processes as 
listed in Table I, depending upon the products made. In 
addition to these loads, a typical plant has pumps, shops, 
air compressors, yard and office lighting, and other mis- 
cellaneous loads which increase the total power consump- 
tion. 


The figures in Table I represent average power require- 
Due to the nature of the various loads and 


ments only. 
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their diversity, the demand will exceed the average. In a 
typical integrated steel plant, records indicate that the 15- 
minute demand is 50 per cent over the average, the one- 
hour demand is 32 per cent over the average, and the 
eight-hour demand is 22 per cent over the average. 

Table II indicates the range of main drive horsepower 
requirements which are typical of those found in modern 


mills. 


Table I 












Total Main Drive Horsepower 
on Work Rolls 


Type 


Blooming or slabbing mills 8,000 - 12,000, d-c 


Hot strip mill roughing train 12,000 - 20,000, a- 
Hot strip mill finishing train 20,000 - 30,000, d-< 
Tandem mill. 15,000 — 25,000, d-< 
Bar or rod mills... 5,000 - 10,000, d-c 


In addition to the types of mills mentioned here, there are 
many miscellaneous types and combinations.! 


GENERAL POWER SYSTEM REQUIREMENTS 

THE STEEL INDUSTRY, like most other modern industries, 
is unable to produce efficiently without the aid of electric- 
ity. The important thing to remember when designing 
the electric system for a steel plant is that a typical me- 
dium size plant may have an annual output of 2 million 
tons per year or about 5,500 tons per day, valued at approx- 
imately $550,000 per day. Obviously the loss of even one 
hour of production is costly and to be avoided if at all pos- 
sible. The cost of electric energy and the equipment that 
distributes this power is so small in comparison to the value 
of the product being produced (or not being produced be- 
cause of power failure), that nearly all steel companies in- 
sist on using the most reliable electric equipment that is 
available. Efficiency is important for economy reasons, 
but reliability is of paramount importance. 

Another reason why power failures are to be avoided 
insofar as feasible is the possibility of contingent damage to 
equipment, resulting from a nonscheduled power loss. 
The cooling water supply to a blast furnace is an example of 
a service which requires the utmost in service reliability. 
Loss of cooling water for even a short time can result in loss 
of the furnace and extremely costly repairs. Consequently, 
such services should have duplication of equipment from the 
water pumps back through the system to the primary sources 
of power. Hot metal or ladle cranes and blast furnace 
skip hoist motor-generator sets are other examples of loads 
that should be supplied with two or more independent 
sources of power. This principle of duplication of power 
channels should be used in all areas where a high degree of 
service continuity is required. 

The dirty atmosphere around many steel mills results in 
another consideration in the electric power system design; 
that is, where insulators are exposed to the dirty atmos- 
phere, high-creepage insulators are used. Examples of 
this are extra disks in suspension insulators, and additional 
creepage length on outdoor transformer and switchgear 
bushings. This extra creepage path does not eliminate 
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rig. 1. 


the necessity for a regular cleaning program, but does 
lengthen the time interval between required cleanings. 
Inside the mill buildings, motor rooms are provided which 
house the switchgear and control equipment for the main 
motors. These rooms are supplied with filtered and cooled 
air to provide a suitable environment for this equipment. 
Fig. 2 illustrates the motor room in a modern cold strip mill, 


showing the main drive motors and control 


DESCRIPTION OF A TYPICAL ELECTRIC SYSTEM 


MANY OF THE DESIGN PRINCIPLES and techniques can 


best be illustrated by an example. Fig. 3 is a one-line 
diagram of the primary power system for the mill layout 
shown in Fig. 1, and illustrates one way that such a plant 


could be served 


. 2. Motor room in modern cold-strip mill. 
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DOCKING AND|| ORE UNLOADING 


. 4 


RIVER OR LAKE 


Layout of an integrated steel plant. 


In this arrangement, the utility is assumed to supply two 
138-kv incoming lines. Two steam turbine generators are 
shown for the power house. These units supply part of the 
electric power for the mill. Blast-furnace gas is used as a 
fuel for the boilers, supplying steam for the turbine genera- 
tors. 

A 34.4-kv primary loop circuit is used, for illustration pur- 
poses, in Fig. 3 to distribute power to the stepdown sub- 
stations in the mill areas. Power is fed into this loop from 
the utility on one end and by the two plant generators on 
the other end, thus providing four sources of power for the 
loop. Reserve capacity is provided so that loss of any one 
generator, transformer, or primary Circuit would not limit 
production. The 34.4-kv loop primary provides a high de- 


gree of service reliability to all substations. Load tap 
changing is provided on the utility tie circuit transformers 
34.4-kv 


system and permit proper division of reactive kva between 


to maintain essentially constant voltage on the 


plant generators and utility. The transformers are con- 
nected delta-wye to provide for grounding on the 34.4-kv 
side. 

The selection of voltage and the circuitry for the primary 
power distribution is frequently dictated, at least in part, 
by the historical growth pattern of the plant. It is possible 
to serve plants of this size or even larger at 6.9 or 13.8 kv 
without the use of higher voltage subtransmission circuits, 
but such systems do not usually provide the economy and 
flexibility for future growth that can be realized by using a 
higher voltage subtransmission system. 

The voltage for the subtransmission circuit should be 
selected, in any given case, at the level which provides for 
economical system design. ‘Transmission circuits and as- 
sociated equipment should have adequate reserve for 
emergency operation as required, and the system should be 
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flexible 


voltage such as 69 kv would probably be used if the plant 


for future growth. A_ higher subtransmission 
were larger, requiring longer transmission lines and heavier 
loads. In big plants, multiple subtransmission circuits are 
frequently used to provide improved reserve capacity and 
service reliability. 

In situations where the utility requires that the 138-kv 
winding be grounded, wye-delta-wye transformers can be 
used to permit grounding on both sides. Lightning arrest- 


ers, relays, and surge protec tive equipment have been 
omitted from this diagram for simplification 

In the normal operation of the plant shown in Fig. 3, the 
arc-furnace load is segregated from the other mill loads by 
138/34.4 kv 


ment minimizes the voltage flicker disturbances on the cir- 


use of separate transformers. ‘This arrange- 


cuits feeding the other mill loads. A normally open tie 
breaker is provided between the arc furnace and mill loop 
supply busses at the 34.4 kv level for flexibility of operation 
in the event of a transformer outage. 

Each of the four substations is provided with 34.4/13.8 
kv stepdown substations to provide power at 13.8 kv to the 
[The 34.4-kv tie 
closed at each substation to provide dual channels for 


under 


various mill areas. is operated normally 


power flow to all stations normal operating con- 


ditions. All 13.8-kv busses (except the power station bus) 
in this system are laid out for use with standard metal-clad 
switchgear of 500-mva interrupting capacity. A_ bus-tie 
circuit breaker is provided in each 13.8-kv substation bus. 
It is desirable to operate with this circuit breaker closed in 
cases where closing it will not cause the fault levels to ex- 
Whether ot 


circuit breaker is operated normally closed depends upon 


ceed the 13.8-kv switchgear rating not this 
the size and impedance of the supply transformers and the 
characteristics of the connected load. 


NovEMBER 1956 Cox, Levoy 


TO BLAST FURNAC c 
“WATER PUMPING STATION 


One-line diagram of primary power system. 


For example, in Fig. 3 the 13.8-kv bus-tie circuit breaker 


in substation no. 1 is shown normally open because these 


mills are normally driven by d-c motors supplied from syn- 
chronous motor driven motor-generator sets which will con- 
the 


However, in substation no. 


fault duty 


the 13.8-kv bus tie 


tribute substantially to these busses 


on 
is shown 
normally closed even though the same size transformers are 


In this case, the hot strip mill finishing stands are 


used 
driven by d-c motors supplied from power rectifiers which 
the 

| 


making it possible to operate with the bus tie closed, 


do not contribute to the fault duty on bus, thereby 


even 
motors do 


though the roughing stands and bar mill con- 


tribute to the fault duty. 


VME 
PLLLLLLA 


Fig. 4. Lineup of modern 13.8-kv metal-clad switchgear. 
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Recently, 13.8-kv metal-clad switchgear rated 750 mva 
has been developed, thus permitting the design of systems 
with higher fault levels in cases where this is warranted, and 
yet maintaining the well-known advantages of metal-clad 
switchgear. 

Two feeders are used to supply each important load. In 
cases where the bus sections are. operated with normally 
open ties, the two feeders to the subdistribution bus in a 
This 
possibility of accidentally connecting the 
busses together at the subdistribution bus with the conse- 


given load area originate from the same bus section. 
eliminates the 
quent increase in fault levels beyond the circuit-breaker 
ratings. In those substations which can be operated with 
the 13.8-kv bus-tie circuit breaker normally closed, dupli- 
cate feeders to a given load area originate from different bus 
sections to improve the service reliability. 

In the powerhouse, cubicle-type switchgear of higher in- 
terrupting rating is used on the main 13.8-kv busses, because 
the fault duty on these busses exceeds available metal- 
clad switchgear ratings. The power plant auxiliaries are 
supplied by means of stepdown transformers as indicated. 
For power which is to be used nearby at 13.8 kv, such as the 
feede1 


plant, a current limiting factor is used to reduce the fault 


shown for the blast-furnace and water-treatment 


duty so that 500-mva metal-clad switchgear can be used in 


such areas. For larger power plants containing more 


I 
generating units, a synchronizing bus arrangement may be 


used to limit the fault duty. 


D-C SYSTEMS 


MAIN DRIVI 


600-, 700-, or 7 


MOTORS are usually designed either for 


50-volt operation. It is normal practice to 
operate these d-c systems ungrounded. On large common 
bus systems, fault levels tend to become excessive; con- 
sequently, many modern large high production mills use the 
Although this re- 


sults in a lack of diversity on the sources, so that full source 


individual generator or rectifier system. 


capacity is required, it does not necessarily mean that any 
less would have been provided on acommon bus. The use 
of the individual generator or rectifier system results in a 
substantial saving in low-voltage bus and switchgear, and 
brings the d-c fault levels down to acceptable values. 

Steel mills usually require a reliable 250-volt constant- 
potential d-c source for the operation of cranes, screw- 
Prior to 1940, this 
power was usually furnished by means of motor-generator 
Improvement in design of rectifiers has made them a 
reliable source of power for this service and they are being 
Some of the ad- 
vantages of rectifiers as compared with motor-generator 


downs, coil handling equipment, etc. 
sets. 
used in most of the recent installations. 


sets for this service are lower installation cost, less mainte- 
nance, and higher efficiency. 
FRENDS IN STEEL PLANT ELECTRIC SYSTEMS 
here appear to be certain trends which are discernible 
in steel mill electric systems and equipment as these systems 
evolve through experience and availability of improved de- 
signs. Some of these are as follows: 


Generated vs Purchased Power. The trend today, which is 


the result of many economic studies made by various plants, 
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is to utilize the waste heat and by-product fuel available 
from the process to generate power. This is supplemented 
by coal or oil in periods when a sufficient amount of by- 
product fuel is not available to utilize the installed generat- 
ing equipment. For power requirements beyond this, the 
trend is to purchase the additional power requirements 
from the electrical utility system. This arrangement makes 
available capital for the purchase of new efficient steel pro- 
duction or rolling equipment, or for plant expansion which 
otherwise would have to be used for the purchase of power- 
generating equipment. 

A natural result of the practice of both generating and 
purchasing power is a tie between the steel plant system and 
the electric utility system. This tie brings about certain 
problems such as the proper sharing of kilowatts and kilo- 
vars among the two systems. A discussion of these prob- 
lems has been presented elsewhere.* ® 


Selection of Voltages. It is important to select the proper 
voltages to serve the loads economically and provide for 
possible future expansion. Many of the older mills are 
handicapped by starting off with a voltage which was ade- 
quate at the time it was selected, but is too low for their 
present size. 

Larger plants usually find it desirable to have a high 
voltage circuit such as 34.4 or 69 kv to distribute the power 
to spot loads on the site and then transform down to 13.8 kv 
for utilization at these load centers. 


Fig. 3 illustrate this type of system. 


The circuits shown in 

This plant is rela- 
tively compact and it would be possible to serve it at 13.8 
kv. If the plant were spread out, requiring longer trans- 
mission circuits between spot leads, 34.4 kv would show 
greater economic advantage. For a larger plant requiring 
still more power and greater transmission distances, 69 kv 
would be economi¢al. Because of the size of load involved, 
the tie with the utility system often is made at 115 or 138 kv. 

Although 6.9 kv has been used extensively in the past as a 
utilization voltage for large motors in steel mills, there is a 
trend toward the use of 13.8 kv, because the switchgear 
ratings available make it possible to handle more load at 
13.8 kv than at 6.9 kv without exceeding the momentary 
rating of the circuit breakers. For picking up a larger 
load at some distance and reducing cable costs for serving 
large loads, 13.8 kv also provides greater flexibility. The 
disadvantage of 13.8 kv as a utilization voltage is that 
motors in the 2,000-15,000-hp range cost more at 13.8 kv 
than they do at 6.9 kv. 

Economic studies in many steel mills have indicated that 
the following choice of motor voltages provides a flexible 
and economic system: 





System Voltage Motor Voltage Motor Horsepower 


13.8 kv 
2.4 kv 
480 volts 


13.2 kv 
2.3 kv 
440 volts 


2,000-15 ,000 
200- 2,000 
200 and below 





Exceptions will occur in which it will be desirable to 
deviate from this guide, depending upon the length of cir- 
cuit required to serve the motor at the preferred voltage. 


Medium-Voltage Switchgear. The 13.8-kv switchgear nor- 
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mally used in modern steel mills is of the metal-clad vertical 
lift or drawout type and is oilless, thereby eliminating the 
disadvantages and hazards of oil. Very often these circuit 
breakers are located indoors in a motor room. However, 
they can be provided with a weatherproof housing and 
located outdoors. Fig. 4 shows a lineup of modern indoor 
13.8-kv metal-clad switchgear. 

System Complexity. 
with many possible routes for power to flow to a given load, 
This 
practice resulted in relatively complex systems with com- 
plicated operating rules to avoid excessive fault duty on the 
breakers. 


Older systems were often designed 


with the intention of improving service reliability. 


Many accidents and failures have occurred in 
such systems as the result of errors in switching, particu- 
larly during emergencies. Simple systems minimize the 
possibility of such errors. 

Improved apparatus and cables have eliminated the need 
for much of this complication. The trend today is to ob- 
tain service reliability by the use of high-quality compo- 
nents carefully installed in relatively simple circuits which 
are easy to understand and operate. 

Safety. The use of metal-clad switchgear has eliminated 
the need for many disconnect switches which were always 
a source of danger to operators. There is a definite trend 
away from the indiscriminate use of disconnect switches in 
the interest of safety and improved service reliability. 

Grounding Practice. The advantages of a-c system neu- 
tral grounding at all voltage levels is being recognized. 
Many existing plants have changed from ungrounded to 
grounded neutral operation and most new installations are 


planned for neutral grounding. It will be observed from 


13.8- 
grounded to minimize possible burning damage on the 


Fig. 3 that the and 2.4-kv systems are resistance 
motors connected to them, and yet provide selective relay- 
The 480-volt 


grounded since at this voltage level the impedance of the 


ing of faulted circuits. system is solidly 


ground return path usually is sufficient to limit the ground 
fault current to acceptable values.’ 


CONCLUSION 


HisToRICALLy, the steel industry has been quick to 


recognize new electrical developments and put them into 
use. Progress in electric systems and components is con- 


tinuous. Increased production requirements and the 


trend toward further automation in the future will further 
increase the requirements for improved and expanded steel 
plant electric systems. 
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Laboratory Program Devoted to Butyl Research 


Enjay Company, Inc., a marketer of petrochemicals, 
recently unveiled its new Polymer Laboratory in Linden, 
N. J. It is equipped with the newest and most advanced 
facilities in the field of rubber technology. 

Most of the laboratory’s program will be devoted to 
applications research work on Butyl, the synthetic rubber 
manufactured from refinery gases, and to adapting Buty] to 
industrial needs. Butyl’s special air-retention properties 
and its resistance to aging and the effects of chemicals and 
oxidation have led to its use in some 200 other products 
about 100 of these are automobile parts. 
further advances in Butyl research, announcement was 
made of progress in the development of all-Butyl passenger- 
car tires. 

The lab has 24 major pieces of equipment, plus another 
score of testing devices. In one testing apparatus—an 
ozone chamber (right)—Enjay researchers can duplicate 
atmospheric conditions to be found anywhere in the world. 
These tests are of unusual importance because ozone 
normally cracks, and eventually breaks down, both natural 
rubber and most synthetics. Butyl is about 500 times as 
resistant to deterioration as the natural rubber. 
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Propagation Test on Microwave 
Communications Systems 


MATHWICH is 


MEMBER AITEI 


In the Gulf South area, investigations were 
made to obtain data on three different frequency 
bands, practical for use in a microwave com- 
Propagation difficulties, 
such as humidity variations and temperature 


munications system. 


inversion were investigated. 


rT VHE RAPIDLY EXPANDING NEED for communica- 
| want by United Gas Pipe Line Company, Shreveport, 
the 
Work by 
Millar 


3yam,* Thompson,’ and others provided valuable infor- 


La., indicated the need for an examination of 


communications medium, microwave relay. 


Bullington,! Crawford and Jakes,’ Durkee,® and 
mation for system planning and operation in most areas of 
States. In Gulf South 


United Gas’ operations, microwave propagation informa- 


the United the area, locale of 


tion was not available. Rumors, difficult to prove or dis- 


Fig. 1. Strip map of test path. 


prove, were current concerning the propagation difficulties 


encountered by early systems in the area. In this almost 


subtropical section of the country, humidity variations were 
known to be high lemperature inversion also had to be 
considered. Previous observations of vhf systems and a test 
it 960 me indicated the possibility of unusual conditions at 
the higher frequencies of 2,000 and 6,700 mc. Investiga- 
tion by the research department of United Gas revealed the 
microwave 


interest of nanufacturers in the propagation 
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problems of the area. A test was designed to accumulate 
data on three of the frequency bands available to pipeline 
companies. It was planned to operate circuits at 955.5 me, 
1,965 mc, and 6,730 me over the same path for a period 
United 
Gas, as the prime contractor, arranged for Philco Cor- 


of time long enough to provide statistical data. 


poration to furnish certain equipment and services for the 
6,730-mc with 


the Radio Corporation of America (RCA), equipment and 


frequency. By separate arrangements 
services related to 955.5- and 1,965-me frequencies were 
made available. ‘The results of the ensuing test are reported 
in this article. Its purpose is not to judge the relative merits 
of the three frequency bands involved, but rather to make 
the 


It must be constantly borne in mind in the inter- 


the accumulated data available to the literature on 
subject. 
pretation of the data presented that the tower heights and 
resulting path clearances were not considered optimum for 
any of the three frequencies being tested. 


DESCRIPTION OF TES1 


United Gas 
Research Laboratory, Shreveport, La., and one of the 


TEST CIRCUITS were set up between the 


company’s compressor stations at Latex, Tex., a distance of 
20.25 miles. 


and a profile drawn to true earth radius is shown in Fig. 2. 


A strip map of the path is shown in Fig. 1, 


The survey of the path was made by plotting the profile 
from geodetic maps, which were available from Shreveport 
to the Louisiana—Texas border. The balance of the path 
was plotted from hand altimeter readings taken along 
the path survey line from the Louisiana—Texas border to 
Latex. All high points along the path were later rechecked 
by sensitive altimeter for accuracy. ‘Tree covering along 
the path ranged from sparse to moderately heavy, prin- 
cipally deciduous with a few pine. ‘Tree heights were de- 
termined on the high points of the path by measuring the 


height of the tallest tree in the group under consideration. 
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(----- = 





Mojor Tree Heights) 


TRUE EARTH RADIUS 





MILES SHREVEPORT 


Fig. 2. Profile map of test path. 
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Fig. 3 (left). 


radio-equipment installation. 





No sizable 


of water were under the path 


streams or bodies 


From Fig. 2, it should be 
noted that the path is roughly 
grazing at three points 


May 20, 


ither for 


The 
Septemb« r 30, 


vas conducted from 1953, through 


1954 


test 


The we: the period Was 


generally normal, except for precipitation. The month of 


May 1954, showed the only significant excess, with only 
two other months showing any excess 


The balance of the 


Table I. Propagation Test Data 





Circuit frequen 
Equipment 
Transmitter locatior 
lransmitter power outpu 
Receiver location 
Paraboloi 
Passive reflector size 
Nominal antenna gains 
db 
System loss f 
ib 
Over-all median loss 
Assumed obstruct 


period was so dry that the total deficiency was 17.58 inches 


An average of the highest daily humidity readings which 


normally occur at or near sunrise showed an increase of 


about 3 per cent above normal. ‘The lowest daily humid- 
ity readings usually occurring in the middle or late after- 
noons showed an average of about 6 per cent below normal. 
Temperatures for the period averaged nearly normal with 
the days slightly warmer and the nights slightly cooler. 
Wind velocities were only slightly greater than usual with 
no significant variation from normal 

Fig. 3 shows the antenna installation at the Shreveport 
terminal The paraboloid on the right side of the tower’s 
cross member was illuminated by the 1,965-mc horizontally 
polarized dipole antenna The paraboloid on the left was 


illuminated by the 955.5-me vertically polarized dipole. 


The paraboloid to the left of the tower near ground level 
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was illuminated by the 6,730- 


me horizontally polarized 


horn-type antenna Energy 


was beamed from this parab- 
ola to the passive reflector at 
Che 


paraboloid near ground level 


the top of the mast 


in front of the tower and the 
passive reflector beneath the 
tower platform were part of 
the diversity tests not re ported 
at this time. It is interesting 
to note that no significant loss 
differences 


were measured 


between horizontal and verti- 
cal polarization checks of the 
955.5-me, 1,965-me, and 
Antenna 
gains and circuit losses are a 
Table I 
view of the radio equipment installation at the Shreveport 


left 


and 955 


Fig. 4 (above). Shreveport 


6,730-me_ circuits 


part of Fig. 4 isa 


terminal. From to right may be seen the 6,730-mc, 


1,965-mc, 5-me rf equipment Che 


tenna and equipment installations were similar 


at Shreveport. 
No description of the radio equipment used in the test 


will be made, because it is of standard manufacture It will 


that, because 


suffice to say modulation was not used and 


> 


band-width was not a consideration, the RCA equipment 


was adjusted where possible to increase its rec ording range 


Modifications made to the Philco equipment did not in- 


crease the recording range over that obtainable from pro- 


duction equipment. Suitable arrangements were made for 


attaching signal recording instruments to the receiver for 


each test frequency 


TECHNICAL METHODS 


[HE RECEIVED SIGNAL LEVEL of each circuit was re- 


corded continuously for the test period. The following in- 


formation for each 15-minute period was_ transcribed 
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Fig. 5. The 955.5-, 1,965-, and 6,730-mc loss distribution, May 20, 1953, 
through September 30, 1954. 
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Fig. 6. The 6,730-mc seasonal probability, May 20, 1953, through Septem- 
ber 30, 1954. 


manually from each circuit’s daily chart to its daily data 


sheet: 


Average loss value in db. 
Minimum loss value in db. 
Maximum loss value in db. 
4. Number of times loss was greater than 20 db above 
reference value. 
5. Duration of time loss was greater than 20 db above 
reference value, in minutes 
6. Number of times loss was greater than 30 db above 
reference value. 
Duration of time loss was greater than 30 db 
above reference value, in minutes. 
8. Number of times loss was greater than 40 db above 
reference value 
9. Duration of time loss was greater than 40 db above 
reference value, in minutes. 
10. Equipment condition (one of seven symbols to 
denote equipment normal, under maintenance, etc.). 


From the data sheets, the information was punched on 
International Business Machines (IBM) cards, one card 
IBM machines 
were used for sorting and tabulating the data but the mathe- 


for each 15-minute period for each circuit. 


matical computations and curve drawing were done by 
hand. 

[he receivers and transmitters for each circuit were 
calibrated as nearly as possible on a weekly basis and also 
All calibrations were made 


Accuracy of the calibrating 


before and after maintenance. 
in db referred to 1 watt. 
equipment was +2 db. To provide a receiver calibration 
for a given period, a calibration curve was plotted from 
values averaged from the calibrations made at the be- 
ginning and end of that period. This curve was corrected 
to the standard transmitter output of 1 watt or 0 db by 
using the average transmitter power for the period as a 
correction factor. The corrected curve was then used to 
prepare a chart reading card for transcribing the data from 
the charts to the data sheets. 

The speed of the recording paper was chosen as 3 inches 
a practical maximum. For any particular 


per hour as 
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Fig. 7. The 1,965-mc seasonal probability, May 20, 1953, through Septem- 
ber, 30, 1954. 
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Fig. 8. The 955.5-mc seasonal probability, May 20, 1953, through Septem- 
ber 30, 1954. 
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Fig. 9. The 6,730-me diurnal probability, May 20, 1953, through September 
30, 1954. 
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Fig. 10. The 1,965-me di.rnal probability, May 20, 1953, through Septem- 
ber 30, 1954 
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Fig. 11. The 955.5-me diurnal probability, May 20, 1953, through Septem- 
ber 30, 1954. 
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Fig. 12. The 6,730-mc fade duration distribution, December 1, 
through September 30, 1954. 
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Fig. 13. The 1,965-mc fade duration distribution, May 20, 1953, through 
September 30, 1954. 


chart speed a certain minimum fade duration can be de- 
fined due to the finite width of the pen’s trace. For this 
chart speed a line in a downward direction followed by a 
return in an upward direction, 1 minute later, are barely 
separable from each other. For this reason and because 
fades of shorter than 1 minute duration were expected to 
contribute very little to the total outage time, all fades of 
1 minute or shorter were tabulated as 1-minute fades. It 
was proved later that this assumption had only a very small 
effect upon the over-all statistics. For example, this as- 
sumption would be expected to have the greatest effect on 
the statistics of the 6,730-mce circuit, inasmuch as these have 
(See Figs. 12, 13, and 14 


From Fig. 15 it can be seen 


the shortest median fade lengths. 
presented later in the report. 
that only 15 per cent of the total outage time was con- 
+21-db 
Thus, if this total time were in error by a factor of 2, 
+21-db 


7.5 per cent. 


tributed by fades of 1 minute or less duration at the 
level. 
it would only change the total outage time for the 
point on the over-all distribution curve by 
Consulting Fig. 5, this equivalent inaccuracy of signal level 
would make this data pessimistic by about 1 db. Similar 
analyses have proved none of the rest of the data to be in 
question by more than this 1 db 

At the start of the test it was felt that the major item of 
importance was the time the loss increased to fairly high 
values. For this reason, actual integration of the outage 
time was set up only for losses of 20, 30, and 40 db, with 


As the 


gressed, however, it was felt that following the variations 


respect to the selected reference losses. test pro- 
of the median value and other values near it also would be 
necessary. It then was reasoned that, because the signal 
variations when the signal is near the median value are 
usually slow, it would be acceptable to use the 15-minute 
average signal. Thus, as an example, the outage time 
for the 4-db point used was the sum of the number of cards 


whose average loss was greater than 4db X 15 minutes. 


DEFINITION OF TERMS 


MEDIAN Loss is that loss between transmitter output 


and receiver input, such that 50 per cent of the time the 
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Fig. 14. The 955.5-mc fade duration distribution, May 20, 1953, through 
September 30, 1954. 
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Fig. 16. The 1,965-mc 
September 30, 1954 


faded time distribution, May 20, 1953, through 


observed loss was less and 50 per cent of the time the loss was 


greater In the case of over-all median loss, this definition 


applies to data for the entire test 


System loss for free-space transmission is the loss that 


would be measured between transmitter output and receiver 
input, if the path were operated in free space without ob- 


structions between the antennas Chis loss was computed 


by the equipment manutacturers using transmission line 


losses measured at the test site and spec ification gains ol the 
intenna systems 

Assumed obstruction loss is the difference between over- 
ill median loss and system loss for free-space transmission 
nominally attributed to the ob- 


Loss 


and represents the 


structions existing in the path 


DATA 


[HE PRIMARY INFORMATION desired from the test was the 


loss distributions of the three frequencies involved, operated 
over the same path. _I[n setting up the test, consideration 
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Fig. 15. The 6,730-mc faded time distribution, December 1, 1953, through 
September 30, 1954. 
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Fig. 17. The 955.5-mc faded time distribution, May 20, 1953, through 
September 30, 1954. 


was given to providing other data such as seasonal and 


faded time distri- 


lations 


diurnal variations, fade duration and 


butions, rate-of-fading, and weather corre I nas- 


much as the difficulty of correlating fading and weather 
effects was well known, no specific and detailed effort was 
made in the primary phase of the test to make such correla- 
tions. A weather bureau station located on the path pro- 
vided a source of weather data already punched on IBM 
cards on an (Weather Bureau WBAN-/ 
With IBM this as- 


pect of the test will be completed as time permits 


hourly basis 


cards). the test data also on cards, 


LOSS DISTRIBUTION CURVES 


[HE CURVE shown in Fig. 5 is perhaps of the greatest 
the loss distributions for the 


that 


significance. In this curve, 


three frequencies are shown. In general, it shows 


as the frequency increases, the amount of time the loss is 


greater than a selected value increases. It must be cau- 


tioned, however, that data from this figure should not be 
ENGINEERING 
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used alone to judge the relative quality of the different 
frequencies, as regards their use in microwave relay sys- 
Many 


gain, 


tems or their use in different geographical areas 


other items must be considered such as antenna 


transmission line or wave guide loss, rf output availability, 


and attainable receiver noise figures. 


SEASONAL PROBABILITY CURVES 


IN THE EARLY PHASES of the test it was hoped that the 
and 8 


related with seasonal changes in A, the effective earth’s 


seasonal variations noted (Figs. 6, could be cor- 


radius, since K does vary on a rather periodic basis. Com- 


putations of the expected variation in signal were made, 


assuming grazing smooth sphere diffraction. These com- 


putations predicted that the greater losses would be present 


in February and the least in August. The calculated dif- 


ference between the February and August median losses 
was 1.0 db for the 955.5-mce circuit, 1.4 db for the 1,965-mc 


circuit and 2.3 db for the 6,730-mce circuit. It can be seen 


from inspecting the data that seasonal effects of a random 
nature are present to such a degree that, even if the cal- 
culated effect were present, it would take many years of 


data to enable its extraction from the random data. For 


example, both the summer of 1953 and 1954 were covered 
by this test, but the mean signals of the summers were quite 
different, as shown in the median losses 


It can be noted, however, that the variation in median 


loss from one month to the next increases as the frequency 


increases. ‘This is in accordance with theoretical expecta- 


tions that a given change in path obstruction height will 


cause an increasing change in the value of the received sig- 


nal as the frequency becomes higher 


DIURNAL PROBABILITY CURVES 


In Fics. 9, 10, AND 11, loss distributions collected into 4- 


hour diurnal blocks are presented. From these it can be 


seen that the most favorable part of the day for minimum 


faded time is in the afternoon; also, it can be seen that 


the most unfavorable time is in the 4-hour interval be- 


tween midnight and 4a.m. Presumably the afternoon was 


most favorable, because on an average day the sun has 


been warming the earth for some time causing vertical 


turbulence, which does not support stratification. 


An additional observation is that the median loss on all 


circuits was found to be lowest near midnight Che prob- 


able explanation of this is as follows: On a typical night, 


the evening ‘starts with the ground relatively warm from 


the sun’s radiation As night falls, the ground radiates its 


heat energy into space, becoming cooler; however, the 


higher atmosphere does not do this Cherefore, a layer of 
air in immediate contact with the ground becomes coolet 
than the air above it and, thus, has a dielectric constant 


higher than that of the air above by a definite amount. 
[his causes the effective radius of the earth A to become 
larger and, in a grazing path such as this, causes the signal 
levels to rise; this effect was noticed many evenings. 
Two informative types of presentation of the observed 
fades which occurred during the test are the fade duration 
12. 132 and. 14, faded 


and 17. It should 


Figs. and the 


distribution curves, 


time distribution curves, Figs. 15, 16, 
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be mentioned that in Figs. 12 and 15 the period of time 


covered is not the entire test period. 


SUBJECTIVE OBSERVATIONS 


ONE IMPORTANT subjective observation made during the 
course of this test was that it takes a great deal of informa- 
tion to describe accurately the statistics of even one specific 
This 
First, the summer of 1953 was observed to have 
regards 
1954 


substandard fades were infrequent but because of their great 


propagation path was illustrated by several oc- 


currences 


rather different characteristics as median loss and 


type of fading than the summer of Second, the 


length had a sizable effect upon the over-all statistics. For 


example, in the entire 16 months of the test there were only 


/OD-mne 


six fades of 30 minutes or longer duration for the 1, 


channel at the —18-db level These fades, however, con- 


tributed 52 per cent of the total faded time at that level 


CONCLUSIONS 


ON THE BAsIs of the data taken during tl 


LOSS ) a 


is greater than a given value relative to med 


larger percentage of time as frequency increases In 


general, fades become more frequent but shorter in duration 


as the frequency increases It can be seen that grazing 


paths of the type tested here suffer a sizable obstruction 


{ 


loss—in this case, 14 db to 15 db 1e 1,965-me data 


4-montlt period with 


] 


hs of similar 


presented has been compared for a 


other propagation data taken on 2,000 mc on pat 


length in the same locale, but with adequat 


insure their median signals being near the free 


space 


Chis comparison revealed that the grazing path was 30 


db or more below free-space value, three times longer than 
the clear path, and 40 db or more, nearly fis mes longer 
Caution should be used in considering the i tual value ol 


the reliability advantage. A comparison the circuit 
outage time for the two hops showed the time advantage on 
the }.. 


nearly 


the clear path to be approximately 3 ho for 


month period [This advantage was purchased fot 
three times the antenna cost. Land required 

would cost about four times as much and the tower proper 
twice as much. 


The 


systems 


importance of good propagation reliability for 


using telemetering, remote control, and super- 


ition ol the 


| 


periods ol maximum 1oss 


visory functions is apparent from an exa 


diurnal curves, which show that 


occul during the periods ol greatest needa for control 


functions It should be hasized agalr tion 


to the important factor propagation 


factors such as antenna gain, transmissio 


economic aspects must be considered 
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ROGRESS in the design of steam-electric generating 
New 
generators are installed in existing plants more frequently 
The effect of this is that 
possibly 25 years or so can pass before the engineers have 


stations is not an even, forward movement. 


than in plants at new locations. 


an opportunity to design a new plant, free of those re- 
strictions which frequently make it impossible to utilize fully 
the new equipment which has been made available, as well 
as the new techniques which have been developed. 

It happens then that the design of a new plant becomes 
the occasion for the introduction of innumerable new ideas 
that have accumulated. Within the last 10-year period 
an unusually large number of new plants have been de- 
signed. ‘The present time seems to be a particularly ap- 
propriate time to take a second look at some of these plants 
and to determine whether or not the engineers overde- 
them. A the 1956 AIEE Summer 


and Pacific General Meeting was devoted to this subject. 


signed session at 
Each of the several papers described a particular plant and 
then re-evaluated the over-all design philosophy from an 
electrical viewpoint and described in greater detail those 
features which are being modified in present designs. 
Chese plants differ widely and yet they have one thing in 
common: each plant is designed to generate power at the 
lowest cost for the particular location in which it is built. 

Che first unit at the Eastlake station of the Cleveland 
Ohio) Electric Hluminating Company was placed in 
service in the latter part of 1953. Two units similar to the 
first have been added to this plant and another two new 
units have been engineered since that date. The modifica- 
tion in design being introduced with these units are a con- 
crete measure of the changes which have been found de- 
sirable and constitute a reappraisal of the plant. 

Che one-line diagram of main circuits of Eastlake units 
/, 2, and 3 brings out the simplicity and uniformity of the 
l Fig. 1). 


sured low first cost and low maintenance, plus reliability. 


electric circuits This simple arrangement as- 


Fig. 1. 
and 3. 


One-line diagram of main circuits of Eastlake units 1, 2, 
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Fig. 2. One-line diagram of auxiliary circuits of new unit at Avon. 


This basic layout is being repeated for two new units rated 
240 mw and 250 mw. Fig. 2 shows the auxiliary circuits 
modifications The 
practice of installing the largest available tandem-com- 


in which some have been made. 


pound units is continued. As one of these units is in the 
supercritical range the supply to the feedwater pump motor 
has created a new problem. Motor loads as large as 8,000 
hp can be supplied at 4,000 volts using standard 250-mva 
metalclad switchgear, if split busses and tandem motors are 
used as shown in Fig. 2. 

Motor-generator type exciters are being used with no 
spares. The use of conductor-cooled generators on both 
these machines has kept their dimensions below that of 
some lower rated machines in service. They should be less 
subject to field failure which currently appears to be one 
of the biggest problems. Other practices proved successful 
are the reduction of conduit, elimination of embedded 
conduit and ground wires, welding of all ground connec- 
tions and the use of iron earthing, use of armored cables, 
and unitization of all electric circuits. 

The electrical design of Eastlake represents a sharp 
simplification compared to earlier layouts. The cost re- 
ductions are substantial. The operating record shows that 
the plant was not overdesigned. 

The design practices, which resulted in an enclosed plant 
with a building volume of 17.5 cubic feet and a cost of $122 
per kw of gross capability for the initial three units with a 
net heat rate for 1955 of 9,336 Btu per kwhr, deserve being 
retained. Wherever possible, future units will be simplified 
even further. 
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Digital Computer Solution of Stability Problems 
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ITH THE EXPANSION and increase in complexity 
of power systems throughout the country, a more 
accurate and less time-consuming means of determining 
the transient stability characteristics of power networks 
has been required. The solution of power system transient 
stability problems has, in the immediate past, been ac- 
complished primarily by the use of analogue computer 
such as the a-c network analyzers. In view of the recent 
development and availability of effective digital computing 
devices, a general trend in engineering is toward the use 
of digital computers in an increasing number of applications. 
Of the many problems originating in the analysis and 
operation of power systems, one which lends itself especially 
to solution by digital computers is that of system transient 
stability. In applying high-speed computers to familiar 
problems, it is desirable to consider other available nu- 
merical methods rather than simply to mechanize tech- 
niques which have been used in the past for hand cal- 
culation. 
Methods previously developed have used either network 
analyzers or digital computation to determine the power 


output of the system sources. In the swing equation 


dy, 


M 
’ dt? 


= Pin, — Pout, =f( bn) (1) 


of the nonlinear second order differential 
equation has been accomplished by relatively inaccurate 
This 


has been necessary for network analyzer operation because 


the solution 


first approximation or single correction methods. 


of the time involved in the hand calculations and the at- 
tendant checking. In a digital computer solution, how- 
ever, more accurate methods may be evaluated. 

Kutta and Runge have offered what seems to be a com- 
mendable method for approximating the solution of the 
second-order differential equation 1. The properties of 
this solution are that it is self-starting, each time increment 
calculation is completely self-contained, and it has ac- 
curacies which are available with few other methods. 
Whereas the error per time increment of the traditional 
step-by-step solution is of the order of Aé? and of the single 
correction methods of the order of Af’, the error by the 
Kutta—Runge method is of the order of Af‘. 

Using the Kutta—Runge fourth approximation method 
of solution, the operations per time increment are between 
four and five times those involved in solution of the problem 
by means of the The 


increased accuracy of the Kutta—Runge method is such that 


traditional step-by-step solution. 


it allows a time increment five times greater than that 
usually used with the traditional methods while resulting 
in considerably greater accuracy. This means that per 
unit computer time, the Kutta-Runge method can be used 
to advantage. 

Fig. 1 shows comparative results of swing curves cal- 
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culated for a sample single-machine and infinite bus 
problem which was set up to be barely stable as determined 
It can be observed that the 


0.10 


by the equal-area criterion. 


Kutta—Runge solution using a time increment of 
second shows the system to be more critical than the tradi- 
tional step-by-step solution using time increments of either 
Other test studies have been run on 
Although the 


two different methods vary to different degrees, the Kutta 


0.10 or 0.02 second. 
larger systems. results obtained by the 
Runge method consistently yields more accurate results 

The accuracy and self-contained time increment proper- 
ties of the Kutta—Runge solution particularly suit it to 
use in studies of critical clearing time. At any time during 
the calculation, the time increment of the next incremental 
calculation may be changed without variation of computa- 
tional procedure. 

The time requirements of a digital computer transient 
stability study will, of course, vary with the magnitude of 
the problem and the size of the computer used. Using 
a three-machine problem as a basis of comparison; about 
15 minutes per time increment were required for operation 
the IBM Machines Cor- 
poration) 604 or CPC, and approximately 3 minutes per 
time increment on the Datatron or IBM 650. 


upon (International Business 
Changes of 
time increment while the solution is under way do not 
The 


requirement for a digital solution of the transient stability 


affect the total operating time appreciably. time 


problem varies approximately with the square of the 
number of equivalent machines considered. 


Digest of paper 56-923, ‘“The Solution of Power System Stability Problems by Means 
of Digital Computers,” recommended by the AIEE Committee on System Engineering 
and approved by the AIEE Committee on Technical Operations for presentation” at 
the AIEE Fall General Meeting, Chicago, Ill., October 1-5, 1956 fi 
publication in AIEE Power Apparatus and Systems, 1956 


Scheduled for 


D. L. Johnson is with the University of Washington, Seattle, Wash 
is with Purdue University, Lafayette, Ind 


and J. B. Ward 








Fig. 1. Graphical comparison of results of step-by-step and Kutta--Runge 
solutions of the sample single-machine problem. 
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A Unified Approach to the Teaching of 


Electromechanical Energy Conversion 


} am et 


ASSOCIATE 


WHITE 


MEMBER AIEE 


This approach presents a consistent treatment 
of electromechanical-energy conversion using 
the theory of circuits and fields in relative mo- 
tion. The approach is an attempt to produce 
an acceptable solution to present-day electrical 


engineering curricula. 


GENERALIZED 


to the 


BUT UNIFIED APPROACH 


teaching of electric machines, that is currently 


A 


trical engineering 


being incorporated in the new curriculum for elec- 
at the Massachusetts Institute of Tech- 
Mass 


been made in the past to incorporate a generalized treat- 


nology,! Cambridge, , is presented. Attempts have 
ment of machinery in engineering curricula, but either the 
students’ technical background was weak or the subject 
failed to maintain continuity when attempting to cover 
both the general concepts, as well as the details of machine 
construction and operation. ‘This approach is an attempt 
to produce an acceptable solution for present-day electrical 


engineering curricula 


BACKGROUND 


INASMUCH AS THIS UNIFIED APPROACH is highly general- 


ized, it is well to show how the material is placed relative to 
background and accompanying subjects offered to all elec- 


trical majors in the curriculum. As described in a recent 


paper,” this approach to electric machinery is incorporated 
in the last of the three required undergraduate subjects, 


which comprise the energy-conversion stem. ‘Two of the 


subjects in this sequence are taught during the third year, 
and the subject described herein is taught in the first 
term of the fourth year. These three subjects are entitled 


2) 


as follows: (1) Fields, Materials, and Components; (2) 


Electrical Energy Converters; and (3) Electrical Power 


Modulators 
relationships between field concepts and circuit quantities 
The 


second and third of these subjects develop these background 


The first of the three subjects develops the 
for stationary systems and systems in relative motion. 


principles further and apply them to devices and systems 
involving the conversion and control of energy. 
Che students who undertake this unified approach to 


electric machinery have had background work? in the 


A special art 


D. C. White and A. Kusko are 


Mass 
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following areas: (1) circuit theory, including a sound 
grounding in the concepts of complex frequency; (2) 
field theory, including Maxwell’s equations, quasi-statics, 
and elementary relativity; 3) the microscopic (molecular) 
theory of dielectric and magnetic materials; (4) the use of 
materials and fields for realizing the functions of the storage, 
transfer, and conversion of energy; (5) electronics—treat- 
ing Circuits, components, and systems; and (6) a treatment 
of incremental-motion electromechanical energy conversion 
devices, including the use of generalized co-ordinates and 


Lagrange’s equations. 


PHILOSOPHY 

THE OBJECTIVE of this treatment of electric machinery is 
not to train specialists in the details of electric machine 
design, but to present a consistent treatment of electro- 
mechanical energy conversion using the theory of circuits 
and fields in relative motion. In this way, a sound scien- 
tific structure can be built, based upon the students’ back- 
ground of field and circuit theory. Also, the results of the 
analysis of a highly idealized geometry of materials can be 
applied to specific machines, showing that these special 
cases lead to the results normally obtainable from a more 
specialized and restricted approach. 

The scientific concepts used to study electromechanical 
energy converters are not reduced to a specialized and 
restricted form, valid only for those conditions found in 
present-day electromechanical devices. Instead, the scien- 
tific principles are formulated in a more general form than 
is necessary for the specific problem. In this way, the 
concepts developed are applicable to other than electro- 
mechanics and, further, the approximations made in the 
conventional study of electromechanics are made evident. 
For example, the relationship between the low-velocity 
electromechanical devices and the high-velocity particle- 
acceleration devices is established by using special rela- 
Simi- 


larly, the use of energy functions, particularly the Lagran- 


tivity to develop the energy-conversion principles. 


gian, to obtain the equations of motion in electromechanics 
establishes the broad interrelations between various energy- 
conversion systems that are encompassed in the concepts 
of analytical dynamics and thermodynamics. 

With this broad general background, each student can 
acquire the detailed information that he requires for his 
professional work in any area of specific devices; he is also 
prepared to keep pace with future scientific developments. 
For example, he may wish to acquire detailed information 
on acoustic transducers, servo machinery, or synchronous 


ELECTRICAL ENGINEERING 





machines, or he may wish to study more advanced energy- 
conversion principles associated with high-velocity parti- 
This task 


student understands the underlying field and circuit be- 


cles. should be straightforward, once the 


havior of the whole class of electromechanical energy con- 


version devices and recognizes the interrelationships be- 


tween electromechanical and other energy-conversion 
systems. 

The laboratory in this approach serves the function of 
giving the students a physical understanding of the ana- 
lytical concepts developed in the lecture room and shows 
how specific machines can be derived from selected gen- 
eralized machines. These specific machines need not be 
one of the half-dozen dominant machine types, but can 
result from many windings, 


possible combinations of 


commutators, and movable brushes. 


OUTLINE OF APPROACH 


[HE PRESENT APPROACH to energy conversion recognizes 


two major functions of energy converters. These are: 1) 
energy conversion—the interaction of physical systems that 
result in a change in energy from one form to another: and 
the dynamics of energy converters, 


The 


steps in the unified approach to electric machinery that 


(2) power modulation 


formulated as terminal behavior for system operation. 
will be covered in this article are outlined according to the 
section in which they are discussed. 


Physic al Structure. 


that lead to equations of motion which describe most 


Selection is made of physical structures 
electric machines. In this article, the structure chosen is a 
smooth cylindrical rotor and stator of infinitely permeable 
material (other physical structures are also considered in 
Power Modulators). Conducting 


the course: Electrical 


sheets with infinite conductivity in the @ or tangential 
direction are assumed on both surfaces facing the air gap. 
I'wo-phase current sheets are established on both sides of 
the air gap, and current densities in these current sheets 


Each 


sheet is excited at a pair of terminals attached to the co- 


vary sinusoidally with peripheral angle. current 


ordinate system of the current sheet 


Field Solution. Solution for the £ and Af field distribution 
produced by the current sheets in the gap space is found 
using the concepts of special relativity and quasi-statics. 
The field solution is expanded in a power series in frequency 
and all terms above the first order in frequency are neg- 
lected. ‘This field solution expressed as a power series in 
frequency can be found from the static fields by a repeated 
application of Maxwell’s equations and the boundary 


condition for moving material bodies. The approximation 


in the frequency domain can be carried over into the time 


domain by Laplace transform concepts, provided the 
transients considered are sufficiently long so that they do 
not invalidate the frequency-domain approximation. In 
electromechanics, where millisecond response is considered 


fast, the quasi-static approximation is valid 


Power Flow. 


investigated using Poynting’s Theorem extended to systems 


Electric- and magnetic-field solutions are 


in relative motion to determine the pattern of power flow 
Kusko 
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f 


in the air gap. In this way, the necessary conditions for 


energy conversion are established 
Inductance Matrix. 
the excitation at the terminals 
the 


Field quantities are expressed in terms of 


hen the stored energy in 


Oo 


static fields is used to define an inductance matrix, 
thereby establishing a circuit representation of the physical 


structure as seen from its terminals 


Converters. The complete set of differential equations iS 


found by one of several methods, among which the applica- 
tion of the Euler-Lagrange equations to the Lagrangian of 
general way to find the desired set of 


y 


the system is the most 


equations of motion 


Constraints [he equations of motion of the idealized 


machine are subjected to transformations or changes of 
variables and to specific constraints as a means for obtaining 
the equations of specific machines. These transformations 
are shown to reduce the number of independent variables 
that produce torque, or to eliminate the angular or time 
dependence of the inductances. One set of these trans- 
formations also is shown to stem physically from the action 
of a commutator [hese equations of motion are the sys- 
tem differential equations and are applicable to both 


steady-state and dynamic problems. 


Control Applications. General equations of motion for specific 


ind 
ind 


machines are reduced to approximate forms 


repre- 


sented schematically for control application system 


studies. 
Newly 
that 


Laboratory. developed laboratory equipment is 


described illustrates the transformation theory of 


machines, as well as the operation of specific machine types 


PHYSICAL STRUCTURI 


SEVERAL IDEALIZED PHYSICAL STRUCTURES are used t 


develop the unified approach to electric machinery Che 
physical structure chosen as illustrative for this article is 


shown in Fig 1: it consists ol two concentric magnet 


Idealized en- 
with 


Fig. 1. 


ergy 
2-phase 


converter 
sinusoidal 
current sheets on rotor 


and stator. 


[ ‘nified : {ppro 1h to Tea hing 





cylinders that may rotate with respect to one another. 
Located along the surfaces of the magnetic structures and 
facing the air gap are current sheets in which the current 
densities are assumed sinusoidally distributed with periph- 
eral angles in such a way as to make up a 2-pole 2-phase 
system on each side of the air gap. This is obviously an 
idealization of the conductor current distribution in a 2- 
phase distributed winding system. This equivalent con- 
ducting sheet has zero conductivity in the ¢ direction and 
infinite conductivity in the z direction. The magnetic 
materials are assumed to have infinite permeability so that 


the magnetic-field energy is confined to the air-gap space. 


FIELD SOLUTION 


THE ELECTRIC AND MAGNETIC FIELDS in the physical 
structure of Fig. 1, that result from exciting the stator and 
rotor current sheets, can be used to study both the static 
and dynamic energy-conversion properties of this machine. 
These fields can be evaluated using Maxwell’s field equa- 
tions and the boundary conditions imposed by the physical 
structure. The boundary conditions for systems in which 
relative to one 
difficulties, which can only be resolved by the use of special 
The electromagnetic- 
field theory for moving material bodies has been developed 


material bodies move another lead to 


relativity in one form or another. 


by Minkowski,’ and using his work Sommerfield* shows 
that the constituent relations for moving material bodies are 


1 se 3 
D+ , 5XA=cE+6 <B) 


c 


1 = 
,)xE=u(A—5 xD) 


J-pi= 4 \(e+0xD)—"| *-e+oxz) | 
Vv 1—s?\ cle ( 


By limiting our solution to velocities small compared to 
the velocity of light (i.e., v/e<<1), the following boundary 
conditions for the field in the physical structure of Fig. 1 


can be written 
Stator 
oF) 
wf q 
Rotor 


E'(E*+6xB' | 
B’ =y'(A*-5 xD") > 


(3) 
J’ =0'(E*+5xXB') \ 


where the superscript s refers to stator quantities measured 
in the stator co-ordinate system and the superscript r refers 
to rotor quantities measured in the rotor co-ordinate sys- 
tem. 

These boundary conditions can now be used with Max- 
well’s equations to find the electric and magnetic fields. 
A particularly useful technique for finding these fields is to 
consider conditions of steady-state excitation and to define 
the space and time dependency of the fields to be of the 
form A(t)=Ae™. 


be expanded in a power series in frequency. 


The space dependent term A can then 
Expanding 
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the field quantities E, A, and J in such a power series yields 


E=E,+wF,+u%F,+... ] 
A=Ay+wH, ++... (4) 
latadvdir,.. 


Now those field quantities substituted into Maxwell’s 
equations expressed in terms of sinusoidal steady-state 
field vectors for an assumed time dependence of e* yield a 
set of nontime dependent equations of the form 


vxF, = —jB,-1 5) 
( 
vx, =J,+jD 


n-1 


Repeated solution of those nontime dependent equations, 
starting with the zero order fields n=0, will generate the 
complete steady-state field solution. For the physical 
structure of Fig. 1, it can be shown that neglecting fields 
which are proportional to v/c? and w/c? will lead to the 
existence of only a zero-order magnetic field and a zero- 
and first-order electric field. 
as quasi-static fields. 


These fields can be designated 
For the physical structure of Fig. 1, 
the quasi-static fields found using equations 4 and 5, and 
the boundary conditions of equations 2 and 3 have the 
following general character: (1) The magnetic field is 
exactly the magnetic field that would exist without rotation 
and is of the form of the field which nontime varying cur- 
rents would produce. This result is a direct consequence of 
our being able to neglect displacement currents because 
their effects are negligible at the range of frequencies and 
velocities of interest in most electric machines. (2) The 
electric field consists of three basic fields: resistive induced 
fields (proportional to 1/¢* and 1/0’), speed induced fields 
(proportional to ¢), and time derivative induced fields or 
transformer fields (proportional to jw or 0B/Odt). 


POWER FLOW AND ENERGY CONVERSION 

THE TOTAL electric and magnetic fields can be used to 
determine the total power flow and, hence, the energy 
conversion terms. The power flow through any region can 
be found from Poynting’s vector S= E XH, where S is the 
instantaneous power flow per unit area across a surface. 
If one integrates EX HA over a closed surface A that is of 
length / and encloses the air gap, plus the current sheets on 
stator and rotor, one obtains the instantaneous power flow 
into the machine from all electrical sources. This power 
flow for the physical structure of Fig. 1 can be recognized 
as consisting of three parts: (1) the power converted to joule 
heat, (2) the power flow into the magnetic field, and (3) the 
power converted to mechanical work. ‘The joule heat can 
be easily recognized as those terms proportional to 1/o* and 
1/o’. 
difficult to recognize, but if a surface integral of EX 
is performed that encloses the air gap and excludes 
the current sheets, the power flow into the magnetic 
field is This the 
esting result the power flow into the magnetic 


The power flow into the magnetic field is more 


determined. integral inter- 
that 
field consists of terms which would exist if the rotor did 
not rotate, plus a term proportional to speed ¢. The 
speed-dependent power flow associated with the mag- 


netic field proves to be just equal to the power converted to 


yields 
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mechanical work. Hence, one half of the speed-dependent 
power flow goes into the magnetic field, and the other one 
half goes into mechanical work. Other useful and informa- 
tive studies of machine operation can be investigated, 


using the Poynting vector. 


FORMULATION OF THE INDUCTANCE MATRIX 

THE ELECTROMAGNETIC FIELDS in the idealized structure 
of Fig. 1 are useful for studying the energy-conversion proc- 
ess and for determining performance characteristics under 
steady-state operation. There are many problems in 
which the dynamic performance of the energy converter, as 
represented at its terminals, is needed so that its performance 
can be correlated with system performance. The dynamic 
performance can be determined much more easily using 
the techniques of circuit theory and analytical mechanics 
than by using field techniques. 

To formulate the dynamic problem of an electromechani- 
cal energy converter, it is necessary to know the dependence 
or interaction of the electrical variables on the mechanical 
variables and vice versa. The field theory proves to be 
valuable for determining this dependence, since the fields E 
and B which couple the electric systems on stator and rotor 
are expressed as functions of the space co-ordinates of the 
mechanical system. ‘The desired functional dependence 
of the electrical parameters Z and C on space co-ordinates 
can be obtained either from the Poynting vector or by 
equating the stored energy in the electromagnetic field to 
the stored energy, as expressed in terms of the voltages, 
currents, and parameters. 

The only significant stored energy in the machine of Fig. 
1 has been shown to be the magnetic stored energy. Thus, 
all terms in the parameter matrix can be determined by 
equating the stored magnetic field energy as expressed in 


ii,) with the 


terms of the inductances and currents (2,2,L,2 (4; 


stored energy in terms of the field quantities 


1/2(BH 1 (volume) 
volume 


A term-by-term matching of coefficients leads to the values 
of the inductance matrix including any positional de- 


pendence. ‘The resulting matrix for Fig. 1 is 





| 


—L" sin @ 
L*’ cos @ 


cos @ 
sin @ 


hy ) Sea 
L' L* 


L*” cos “e bo sin @\|L' 


—L" sind | L cos @ 





In this matrix, the term LZ’ is the peak amplitude of the 
mutual inductance which varies as a function of angle be- 
tween any two stator and rotor windings, and the inductance 
L* and L’ are the self inductance of the stator and rotor 
coils, respectively. 


GENERALIZED ELECTROMECHANICAL CONVERTER 

THE DYNAMIC EQUATIONS of motion of the electrome- 
chanical-energy converter describes the device for both 
The circuit param- 
eters obtained from quasi-static fields were shown to be 
valid for electric transients, providing the maximum fre- 
quency in the transient did not violate quasi-static concepts 


mechanical and electrical transients. 
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and the maximum acceleration did not invalidate special 
relativity. In machines, neither of these conditions are 
normally violated. 

The five differential equations for the idealized machine 
can be determined in several ways from the inductance 
Four of the 
differential equations will have the phase voltages as driving 


matrix and the other parameters of the device. 


forces; the fifth equation will have the applied external 
torque as the driving force. In one approach, the first four 
equations can be written from Kirchoff’s Law and the 
fifth equation from mechanics with the electromechanical 
torque determined from the f=Bii relationship. In the 
second method, the first four equations are written in the 
same way, but the electromechanical torque is determined 
from conservation of energy after applying a virtual dis- 
In the third method, the La- 
grangian of the system is determined using the electric cur- 


placement to the rotor. 


rents as generalized velocities and the mechanical angle @ 


as a generalized co-ordinate. The application of the 


Euler-Lagrange Equation to the Lagrangian of the system 
velocities 


for each of the generalized co-ordinates and 


yields the five differential equations. Using any of these 


methods the resulting equations are 


Electrical Equations: 





pL" cos @ |—pL" sino | ia | 
R* + pL’ | pL” sing | 
pL” sin @ | R’ pL’ 


pL” cos } R’ + pL’ 


pL" cos } ty 


3 
s 
» 
r 
3 


= 
(/) 


’ sin } 





——T nib at 
y—tgtg) COS P—(tpty + tgig) sin ¢ 8) 


The resulting equations which describe the operation of 
the converter are a set of five simultaneous nonlinear differ- 
ential equations. These equations were derived in terms of 
the actual current, voltages, and parameters, as measured 
on the stator and the rotor. The interesting characteristic 
of these equations is that they can be shown to be the basic 
equations of most rotating machines merely by introducing 


various constraints. 


SPECIFIC MACHINES BY CONSTRAINTS 


Two TyPEs of constraints are of interest: the first is the 
physical one enforced by a commutator or by winding inter- 
connections; the second is that produced by sources, that 
is the applied currents, voltages, torques, and speeds. 

A transformation of particular importance in electric 
machines can be developed by considering how the mag- 
netic fields, produced by a sinusoidally space-distributed 
current sheet attached to a moving system (the rotor), can 
be produced by a set of current sheets located at the surface 
of the rotor but stationary with respect to the stator. Re- 
ferring to Fig. 2, it can be seen that one solution is obtained 
by locating two current sheets in space quadrature at the 
surface of the rotor and stationary with respect to the stator. 
If the rotor terminal currents i, and 7, in Fig. 2, which 
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generate the two current sheets, are related to the rotor 


current 2, as follows 


(10) 


(sin @ 


then the two current sheets at the surface of the rotor pro- 
duce the same magnetic fields in the air gap as does the 
current sheet attached to the moving rotor. In view of this 
equality, it is obvious that a set of 2-phase rotor currents 
attached to the rotor can be translated to a set of rotor 
currents stationary with respect to the stator by the trans- 
formation 


— sitiad 
cos @ 


| 
} 


| sin @ 


+cos @ 


Using this transformation for both currents and voltages, 


the equations of motion equations 7 and 8 for the energy 


converter of Fig. 1 assume the following form 


Electrical 








(13 


a*@ 


Note that the electrical equations for constant-speed opera- 


tion are a set of linear differential equations with constant 


coetncients. 
Che transformation of equation 11 has an interesting in- 


terpretation in addition to the one already given. In 


commutator machines, the action of the commutator can 


} 


be interpreted as translating currents and voltages from 


moving to the stationary system. This interpretation 


be developed from Fig. 3 by assuming that the two 





stationary current sheets at the rotor surface are actually 
established by a set of conducting brushes, which inject the 
required current density into the rotor while the brushes re- 
main fixed in space with respect to the stator That is, the 
transformed currents 7; and i in equation 11 can be inter- 
preted as the actual brush currents at the corresponding 
space positions in an actual commutator machine. A 
resultant sinusoidally distributed current sheet that moves 
with the rotor is thereby produced by the two sets of brushes. 
To extend this concept to a commutator machine, it must 
be realized that a sinusoidal current sheet is but the funda- 
mental space harmonic of the actual space distribution cur- 
rent. The tcansformation of equation 11 must be applied 
to all space harmonics recognizing that ¢ becomes n¢@ for the 
nth harmonic. The resulting equation when all harmonics 
are accounted for will be similar to equation 12 except 
that the ¢ terms will change from L'’¢ to K,L*'¢, and L'¢ 
Similarly the pZ terms will change to pA3L, etc. 


Using the extension, equations 12 and 13 can be used for 


to Kel’¢. 


both commutator and noncommutator machines. 
Equations 12 and 13 can now be shown to lead to the 
circuit equations for a d-c machine by setting 72,=2,; 


KyiL im 


r r 


4=0; 47=0; =i; v, Resulting equations are 


vr (Ryt+pLy)iy 
tw rhpt( Ra t+pLea dia 


Jo+dv sia 


These equations are easily recognized as those of a d-c 


motor for 7, positive and a d-c generator for 7, negative. 


a 
Equations 12 and 13 can also be shown to lead to Park’s 
: ; ‘ fi : ae 
‘quations for a synchronous ma e by setting 7.= 
Equat f I machine by setting 7,=1,, 
and 7,=0. The resulting equations are 
> s 1 ysrsr 
vp=Ryipt p(List+ Li 


0 = R'ih +p(1 af) + Li + 6(L' i) 


d q 


Ri +p( Li" )—6(L" 


ip t+Liy 


7 Jé+ad+ [L*"(- 
These are but two examples of 
well-known machines obtained by 
applying specific constraints to the 
equations for the energy converter 
of Fig. 1. 


other machines including the induc- 


The students also derive 


tion machine and repulsion machine 


from these equations of miotion. 


The fact that the dynamics of many 
machines can be obtained from 
the equations of motion for the physi- 
l by 


different constraints is a 


cal structure of Fig. imposing 


very valu- 
able concept for understanding the 


operation of all electric machines. 


CONTROL APPLICATIONS 





Fig. 2. 
fixed with respect to rotor (left) and with respect to stator (right). 


Rotor current densities which produce the same air-gap fields. 
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Ie THE EQUATIONS developed in the 


previous sections are too compli- 


“—~ i" Z cos dcos d* ~ . 
cated for use in most control system 
studies. In many cases, these equa- 
tions can be simplified by consider~ 
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ing special constraints used to obtain specific control prop- 
erties or neglecting all terms that are small for a given 
control operation. Equivalent circuit representations can 
also be developed. The block diagram or equivalent cir- 
cuits are determined entirely by the specific application. 
For problems where linear equations cannot be derived, 
general machine equations are used to develop analogue 
computer representations, and studies of nonlinear prob- 


lems using computing machines are discussed. 


infinitely distributed conduc 


Fig. 3. Idealized rotor imvsoidal current 
structure for produc- ag i lige 
ing sinusoidally distri- ame 
buted current sheet on 
moving rotor, where 
current sheet is fixed, 
relative to brush axis. 
Rotor replaces that in 
Fig. | when analyzing 

Qvodroture-axis brushes 


commutator machines 


or using d-q variables. 


PHE LABORATORY 


THE ANALYTICAL CONCEPTS of the previous sections are 
only effective teaching concepts if they can be utilized in 
in the laboratory. Laboratory work developed around 
conventional machines has not proved successful for ex- 
ploiting the transformation theory or the idea of originating 
many mach ne types by constraints applied to one general 
physical structure. To exploit these ideas, a machine has 
been developed, which has a 2-phase winding on stator and 
The 4-brush 


assembly provides a 2-winding system in space quadrature 


a commutated winding on rotor (Fig. 4). 
on the rotor. The brush assembly can be rotated by a 
separate motor, and the brush leads are connected to the 
stator through slip rings. By driving the brush assembly, 
the rotor can be energized in any desired moving co-ordi- 
nate system. This machine can be constrained by applying 
currents, open or short circuits in any desired reference 
frame. Students carry out experimental programs as fol- 
lows 

1. Measure machine parameters: inductances, resist- 
ances, inertia, and damping. 

2. Operate as a d-c machine with direct current applied 
to one stator field and one pair of brushes; brushes fixed to 
stator. 

a. Evaluate electrical time constants of stator and 
rotor and mechanical time constant. 

b. Develop approximate block diagram for control. 
3. Operate as a 2-phase induction motor; apply 2- 
phase voltages to stator and short circuit rotor circuits. 

a. Evaluate electrical and mechanical time constants. 
b. From the time constants show that electrical 
steady-state is a valid approximation for most dynamic 
studies; develop the equivalent circuit and speed—torque 
curves from general equations and verify experimentally. 
c. Develop approximate control representations. 
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Fig 4. Generalized rotating electromechanical Note 


Brush carriage can be driven separately, locked to the rotor, or locked to the 


energy converter. 
stator. 


{ the necessary constraints to generate the 


Apply 
following standard machines: 

a. Synchronous machine 

b. Repulsion machine 

Cc Iransformer Metadyne 

d. S-generator Metadyne 
constraints: 


Develop unconventional machines by 


a. Drive brushes at speed w and apply a constant 
direct current to one set of brushes. 

b. Short circuit the stator through a resistance. 

c. Show that rotor turns in direction opposite to brush 
direction with speed determined by stator resistance. 
the observed with the 


d. Correlate performance 


equations of motion. 


CONCLUSIONS 


[HIS ARTICLE INDICATES how a unified approach can be 


made to the teaching of electromechanical energy con- 


version devices, particularly electric machinery. This 
approach includes both the field theory and circuit theory 
aspect as applied to the problem in a rigorous and scien- 
tifically palatable manner It also shows that the analysis 


of most machine types can be carried out from general 
differential equations for one generalized machine. 

The strength of this undertaking lies in the decision not 
to train machinery specialists through a type-by-type de- 
tailed analysis process, but to teach a more compatible 


The 


is a teaching pattern that may not produce the equations 


theory of circuits and fields in relative motion result 


for a specific machine in the first week of class, but one that 
will develop in the student a suitable background and an 
appreciation of the analysis problem for all machines. 

A laboratory machine is shown which effectively demon- 
strates and supports the approach and indicates the com- 


mon root that all machines basically have in a cylind 


structure with prescribed surface winding patterns 
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AIEE, IRE, and MSU Will Sponsor 
Midwest Symposium on Circuit Theory 


THE SECOND MIDWEST SYMPOSIUM 
on Circuit Theory will be held at Kellogg 
Center, Michigan State University (MSU), 
Lansing, Mich., December 3-4, 1956. 

The Symposium is being sponsored by the 
Circuit Theory Subcommittee of the Com- 
mittee on Basic Sciences of AIEE, the Pro- 
fessional Group on Circuit Theory of the 
Institute of Radio Engineers, and the elec- 
trical engineering department of Michigan 
State University. 

Four sessions, on the subjects of topology 
and circuit theory, systems analysis and syn- 
thesis, circuit theory and applications, and 
the place of circuit theory in education, will 
make up the program. 

Dr. J. D. Ryder, dean of engineering 
MSU, will deliver the banquet address, 
“Engineering Education for the Future.” 

The tentative technical program for the 
Symposium follows. 


Monday, December 3 


8:00 a.m. Registration 


9:00 a.m. Opening Remarks 


Prof. Baccus. head of electrical] engineering depart- 


ment, MSI 


9:15a.m. Session I 
cuit Theory 


Topology and Cir- 


Chairman I ipe iversity of California, Los 


Angeles 


The Vertex, Circuit, Cut-set, and Tie-set Aspects of 
Linear Grapbs. S. Seshu, Syracuse University; M. B 
Reed, MS\ 


Kron’s Method of Tearing and Its Applications. / 


H. Branin, Jr., Shell Development Company 


Philosophy of the Network vs the Mathematical The- 
ory of Networks, MM]. B. Reed, MSl 


12:00 noon Lunch 


Session II 
and Synthesis 


1:30 p.m. Systems Analysis 


Chairman M. Van 
nois 


Valkenburg, [ of Illi- 


niversity 


Time-Varying Sampled-Data Systems. 8. Friedland, 
Columbia University 


Schwarz Distributions. P. 
Illinois 


Ketchum, University of 


Sensitivity Considerations in Active Network Synthe- 
sis. J. G. Truxal, I. Horowitz, Polytechnic Institute of 
Brooklyr 

Synthesis of Minimum Phase Transfer Functions. 
R. H. Pantell, University of Illinois 


6:30 p.m. Banquet 


8:30 p.m. Address 


Introduction of Dean Ryder, J. J 
Technical Institute 


Gershon, DeVry 


Address: “Engineering Education for the Future’ 
Dr. J. D. Ryder, dean of Engineering, MST 
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Tuesday, December 4 


8:30a.m. Session IlI—Circuit 
and Applications 


Theory 
Chairman: L, Zadeh, Columbia University 


Systematic Method for Solving Feedback Amplifier 
Circuits. 2. A. Sharpe, lowa State College 

Topological Graphs of Electromechanical Systems. 
H. E. Koenig, W. A. Blackwell, MSU 


Equalization of Transistor Low Pass Amplifiers. H. 
Hellerman, C. R. Zimmer, Syracuse University 


Patterns of Driving Elements Related to Tubes and 
Transistors. G. B. Reed, MSU 


12:00 noon Lunch 


1:30 p.m. Session IV—The Place of Cir- 
cuit Theory in Education 
Chairman: W. Boast, Iowa State College 


The Place and Content of Circuit Theory Courses in 
the Electrical Engineering Curriculum. J. S. John- 
son, E. M. Sabbagh, G. R. Cooper, Purdue University 


Panel Discussion 
Moderator: W. R. LaPage, Syracuse University 


More than 5,000 Members and Guests 
Expected at 1957 Winter General Meeting 


THE ANNUAL AIEE Winter General 
Meeting will be held January 21-25, 1957. 
There is every indication that more than 
5,000 members and guests will again register 
for this meeting at the Hotels Statler and 
McAlpin, New York, N. Y. 


Technical Sessions 


It is a few weeks too early to report on the 
committees sponsoring technical sessions. 
However, it is presumed that most of the 49 
committees in the 6 technical divisions will be 
represented. More detailed information will 
appear in the December issue of Electrical 
Engineering. 


Hotel Reservations 


The meetings will be held at the Hotels 
Statler (general headquarters) and _ the 
Sheraton McAlpin, the latter representing a 
change from the past two years. The 
Sheraton McAlpin is undergoing very ex- 
tensive modernization of both meeting 
rooms and guest rooms. The Committee 


Informal Tea 


gathering before the 
formal program begins has been en- 
joyed by more and more people each 
year. Make it a point to attend this 
year—Sunday afternoon, January 20, 
from 4 to 6 p.m., in the Georgian 
Room of the Statler. There will be no 
charge. 

During this period the registration 
facilities will be open for those wishing 
to avoid the Monday morning rush. 


This social 


Institute Activities 


feels that members will find quite a difference 
in the atmosphere there than they may have 
experienced in earlier years. 

Blocks of rooms have been set aside at both 
of these hotels as well as other hotels in the 
Pennsylvania and Grand Central zones as in 
past years, except that the Hotel Governor 
Clinton will not be able to offer accommoda- 
tions in any way this year. Details concern- 
ing hotels and rates will appear in the 
December issue of Electrical Engineering. 

The time of the meeting conflicts with 
two other large groups in 1957 and the hotel 
situation will be more stringent than has been 
experienced in the past several years. None 
of the hotels will guarantee any rooms not 
reserved prior to January 1957. The 
Committee suggests that requests be received 
prior to Christmas, as it is much more likely 
that the hotel desired will be able to accept 
it at that time. 

Members are asked to send reservations 
to the hotel of their first choice, specifically 
referring to the AIEE meeting. Do not 
write to more than one hotel. If requests 
cannot be filled, the hotel will automatically 
refer requests to the Hotel Accommodations 
Committee, which will endeavor to obtain 
a similar reservation at another of the Con- 
vention hotels. It is further suggested that 
reservations beginning on Sunday, January 
20 have a better chance of being acted upon 
favorably than those for Monday or Tuesday. 


Theater Tickets 


Theater tickets will be provided for mem- 
bers who want to see stage shows. However, 
the committee under the chairmanship of 
S. Friend, Jr., feels it is inadvisable at this 
time to give a specific listing of shows that 
will be playing during the meeting. A com- 
plete listing of shows is scheduled for the 
December issue, and it is requested that all 
inquiries be deferred until that time. 
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Tickets to available radio broadcasts and 
television shows will be provided at the time 
of registration. 


Smoker 


A highlight of the Winter General Meeting 
will be the Smoker to be held Tuesday 
evening, January 22, 1957. Good food, 
good fellowship, and top quality entertain- 
ment will be the feature of this event which 
will take place in the Hotel Statler. 

Attendance will be limited for the comfort 
of guests and ticket requests should be 
mailed at an early date. These requests 
should be addressed to AIEE Smoker Com- 
mittee at 33 West 39 Street, New York 18, 
N. Y. When the price has been determined 
(see December Electrical Engineering) checks 
should be made payable to ‘‘Special Account, 
Secretary, AIEE” and sent to the same 
address. 


Dinner-Dance 


A Dinner-Dance will be held Thursday 
evening, January 24, in the Grand Ballroom 
of the Hotel Statler. General arrangements 
will be the same as those which proved 
enjoyable last year. Dress will be formal. 
Write soon for reservations at tables for 10. 
Address requests to AIEE Dinner-Dance 
Committee at 33 West 39 Street, New York 
18, N. Y. When the price has been deter- 
mined (see December Electrical Engineering) 
checks should be made payable to ‘‘Special 
Account, Secretary, AIEE”’ and sent to the 
same address. 


Inspection Trips 


A program of 18 inspection trips is being 
prepared which will include not only the 
more popular trips of the past, but also several 
trips which have not been offered at a Winter 
General Meeting within the last 7 years 

Some of the old stand-bys, which are over- 
subscribed every year, are trips to Radio 
City Music Hall, Brookhaven National 
Laboratory, and the Merchant Marine 
Academy. A few of the new trips which are 
contemplated are visits to the Grumman 
Aircraft Engineering Corporation, The New 
York Coliseum, and the Fisher Radio 
Company of Long Island City, N. Y. 


Ladies Entertainment 


The Ladies Entertainment Committee 
under the able leadership of Mrs. C. T. 
Hatcher, is planning a varied and enjoyable 
program for the visiting guests. 

Morning Coffee Hour will start each day at 
Ladies Headquarters. A “‘Get-Acquainted” 
Tea is scheduled for Monday, January 21, 
with the remainder of the week being filled 
with interesting tours, lovely luncheon-style 
show, and a dinner with a floor show. 

Please note that each lady must bring her 
badge to Ladies Headquarters after register- 
ing with her husband before she can register 
for the program and entertainment. Head- 
quarters will be located in the Washington 
Room of the Statler. 


Winter General Meeting Committee 


Members of the 1957 
Meeting Committee are: D. M. 
chairman; R. T. Weil, Jr., vice-chairman; 
J. J. Amderson, secretary; L. F. Stone, 
budget co-ordinator and AIEE vice-president 


Winter General 
Quick, 
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for District 3; W. R. Clark, chairman, Tech- 
nical Operations Department; F. S. Black, 
Public Relations; W. A. Clark, General 
Session; D. V. Buchanan, Hotel Accommo- 
dations; F. L. Williams, Registration; J. A. 
Mulligan, Inspection Trips; R. R. Meola, 


Monitors; H. B. Snow, Smoker; W. F. 
Anselm, Dinner-Dance; S. Friend, Jr., 
Theater and Broadcast Tickets; Mrs. C. T. 
Hatcher, Ladies Entertainment; A. J. 
Cooper, Ex-Officio member (Past-Chair- 
man ). 


VDI Celebration Commemorates 


100 Years of German Engineering 


R. W. SORENSEN 
FELLOW AIEE 


THE VEREIN DEUTSCHER IN- 
GENIEURE (VDI) celebration in Berlin, 
Germany, was a great event. For the engi- 
neers of Germany it was the climax of a series 
of nation-wide programs held during 1956 
declaring the achievements of 100 years of 
It also 
presented ideas to encourage at future anni- 


organized engineering in Germany. 


versary commemorations even greater results 
in providing materials and devices, and in 
making engineers realize that it is their moral 
obligation to help provide for all people a 
better and happier living during the next 
engineering century by participation in activ- 
ities relating to the philosophical, political, 
and spiritual guidance of the country. Visit- 
ing engineers from over all the world experi- 
enced a delightful revelation of German cour- 
age, accomplishment, and hospitality. It is 
well that AIEE and other United States 
engineering societies were represented by of- 
ficial delegates. Their absence would have 
been an opportunity lost to prove to engi- 
neers assembled there that United States 
engineers are deeply interested in working 
with others toward having engineering meth- 
ods and devices used to raise material and 
ethical living standards to a level that will 
convince all men that win or lose, war means 
only destruction. 

The Board of Directors honored me by 
asking that I represent AIEE at this celebra- 
tion in Berlin. In accepting the invitation 
I thought I might repay the Institute a small 
part of the huge debt I owe it for the tech- 
nical aid it has been to me, and for its other 
activities which have provided the friendship 
of many noted engineers and their families. 
The Berlin meeting, however, was so rich in 
professional and social gains as to put me 
further in debt to the Institute. 

A few days spent in Munich, on the way to 

West Berlin, proved to be excellent prepara- 
tion for my Berlin visit. While my wife and 
I were there, friends showed us many things 
of interest, and showered us with German 
hospitality. They and many others by their 
actions completely contradicted information 
previously given us indicating that Americans 
might not be well liked by Germans. Most 
definitely we think the Germans are more 
than willing to meet American tourists as 
friends, and are very appreciative of the aid 
the United States gave them during their 
recent reconstruction period. 
This article is a personal account by Dr. Sorensen of the 
Verein Deutscher Ingenieure (VDI) Centennial Cele- 
bration held in Berlin, Germany, May 12-15, 1956 
Dr. Sorensen and his wife attended the program during 
their recent tour of Europe. 
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The Munich Deutsches Museum, which 
celebrated its 50th Anniversary in 1953, pro- 
vided an educational review of our knowledge 
of early engineering as practiced by Germans. 
rhis prepared us well for understanding what 
we were to hear in Berlin. 
neering productions, of course, did not date 


Electrical engi- 


back 100 years, but their parents made by 
physicists and mathematicians did, as did 
the many mechanical exhibits. One of the 
older electrical exhibits, a Warner electric 
locomotive built in 1879, had for its neighbor 
a steam locomotive built in 1813 

Tuesday, May 11 at 11 a.m., we were in a 
very old hotel in Munich, and at 3 p.m. we 
were in a modern Berlin hotel where small 
but comfortable rooms with fold-away beds 
and other appointments, identical equivalents 
of those found in our ultra-modern hotels, 
were obtainable. Dr. and Mrs. R. C. Burt 
of Pasadena, Calif., another AIEE couple, 
Dr. Burt informed 
us that although the celebration would not 


were in the next room. 


begin until the next day, acquaintance parties 
were already under way and we proceeded 
to discuss plans to attend them. Prof. E. (¢ 

Keachie, a member of the University of 
California mechanical engineering faculty at 
Berkeley, who for the 1955-56 year is a 
Fulbright scholar and guest professor at the 
Technische Hochscule, Darmstadt, Germany, 
joined us. We three, with our wives, were a 
considerable part of the United States citi- 
zens group attending the celebration. Others 
were Dr. Lillian Gilbreth; R. C. Allen of the 
Allis-Chalmers Company; Gen. S. | 

Reimal, representing Engineers Joint Coun- 
cil; R. H. Bacon, president, R. H. Bacon 
Company, and Mrs. Bacon from Chicago, 
Ill., representing American Society of Me- 
chanical Engineers (ASME); R. H. Morris, 
president of American Institute of Plant 
Engineers and editorial director of Power 
Engineering and Mrs. Morris; and Mr 
Kramer, assistant to Mr. Morris. 

The acquaintance program of the day 
ended with all the U. S. 
guests of VDI at an indoor German Beer 
Garden Party at the Pralat 
where much conversation and good music 
were enjoyed. 

Ihe programs supplied upon registration 
informed us that the official start would be 
made the next morning, Saturday, May 12, 
at 9:30 a.m. 
the regularly scheduled session would be 


delegates being 


Schoneberg 


However, we learned that 


preceeded by a 9 a.m. dedication of a replica 
of the original “The 
Men who new prewar Germany informed us 


statue Engineer.” 


that the original, a symbol of the engineering 
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R, H. Morn 


DURING THE VEREIN DEUTSCHER INGENIEURE Celebration, (left to right) VDI President Schuberth greets 
United States delegates Dr. Molineaux, American Society of Civil Engineers (ASCE) and R. W. Sorensen, 


AIEE. In back of Dr. Sorensen is Prof. E. C. Keachie, University of Califorria. 


Milwaukee, Wis., looks on. 


graced the old VDI 
headquarters building that is in the East 
Berlin Russian Zone The dedication ad- 
1 Kothe, a director 


of VDI, a man greatly revered as the grand 


prolession for vears. 


dress was made by I 
old man of the profession At the close of 
his talk several young engineers made re- 
marks of praise and appreciation then p! 
ented him with some select books 
lhe first discussion of the regula program, 
welcoming 


Viewig 


president of the Physics- Technical University 


which official 


followed the 


address, was given by Prof. Dr. R 


? 


cal 
@ - 
2 % = pe 

= | 1 @.| 


A REPLICA of the statue "The Engineer,”’ a symbol of the engineering profession for many years in Ger- 


4 


R. C. Allen (right) of 


In his speech, he often mentioned Einstein 
as he developed an interesting presentation 
of the relation between science and practical 
technology. Dr. Viewig was followed by 
F, Bauer who discussed the applications of 
During the after- 


engineering technique. 


noon, there were two parallel sessions with 


three papers each. One was devoted to 


research and development, and the other 
n and construction. Nuclear energy 


to desig 


aud its influence upon research and de- 
velopment and upon materials and processes 


was emphasized as henceforth being a major 


many, was dedicated at ceremonies held during the Verein Deutscher Ingenieure Celebration in Berlin, 


Germany. 
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factor in al] engineering operations. The 
design and construction papers dealt to 
considerable extent with model tests, light- 
weight construction, and beauty of design. 
The next item on the program, ‘Berliner 
Abend” to be held at 8 p.m., might be 
evening in Berlin.” This 
event was held at the Festival Hall. No 
exact count of the number present was avail- 
3.000 


translated “an 


able but it was estimated that the 
men and 1,000 women attending the anni- 
versary celebration 


were present on this 


occasion, Entertainment was provided in 


two large halls by opera stars, vaudeville 
acts, and a boy’s choir, as well as good 
orchestra music at proper intervals. An 
unusual feature was an excellent children’s 
ballet performance 

Between the close of the afternoon meet- 
ings and the “Berlin Night, 
was sponsored by VDI at the Hotel Gerhaus 
VDI officials, and 


present. 


2 social hour 


for the official delegates 


foreign about 200 were 


At this 
Various societies were 
of VDI officials 
so many that individual presentation would 


have required a very lengthy program 


visitors 


time, official testimonials of the 
placed in the hands 


[hese presentations were 


Ihe General or Grand Assembly was held 
Sunday morning, May 13, at 10 a.m. in the 
main room of the Festiva! Hall with about 
4,000 


closed with music by the Berlin 


present. The session opened and 
Festival 
Orchestra. Guests were welcomed by Dr. 
Suhr, acting Mayor of Berlin, and Dr. 
Blucher. Dr. H. P. Schuberth, VDI presi- 
dent, then spoke at some length on the his- 
tory of VDI and its future. 


lowed by public presentation of the tributes 


This was fol- 


Germany. ‘The 
Prof. Dr 
Pfender, dealt with the subject, “Man and 


from societies outside of 


principal address, delivered by 
His Technology.” Those who understood 
German thoroughly reported that it was a 
discussion of the 


brilliant relationship of 


religion, philosophy, and technology as 
viewed from the human side This talk 
was followed by a whole series of presentation 
speeches accompanied by certificate and 
medals mostly given to German engineers 
who had done outstanding work. We were 
pleased to note that Dr. Gilbreth, one of the 
non-German recipients, was given a real 
ovation when she received a VDI medal for 
outstanding research into motion problems. 
Following this program, the delegates and 
medal men were given a complimentary 


Hotel 


Gilbreth’s speech of acceptance at dinner 


luncheon at the Gerhaus. Dr. 
was a heartwarming talk which she began 
in German and finished in English. We were 
told that the book ‘“‘Cheaper by the Dozen” 
is one of the biggest sellers in Germany 
Monday morning’s program provided two 
lectures. Dr. H. H. Kumpke discussed the 
social effects of technology, and Prof. Dr. 
S. Struger spoke on the subject, ““The Laws 
of the Spirit.” Both 
denced by the subjects, dealt with the in- 


discussions, as evi- 


fluence of technology on human relations. In 
fact, it was interesting to note that through- 
out the whole program there was much at- 
tention given the relation of religion, philos- 
ophy, psychology, and human relations to 
the practice of engineering. 

Monday afternoon, May 14, provided two 
parallel sessions of three papers each. At 
the one meeting the theme was ‘‘Manu- 
facturing’ and at the other the theme was 
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‘Distribution of Goods he papers on 
‘Manufacturing’ dealt with (1 principles 
of fabrication : flow of material 
automation first steps, and (3) complete 
automation. “The Distribution of Goods” 
papers discussed (1) the engineer’s part for 
the future in goods distribution, (2) leader- 
ship and executive ability, and (3) industrial 
patent protection. 

rhe entire Congress was devoted to the 
uses of engineering as a part of the political, 
economic, and spiritual life of the nation 
with a striking lack of information in the 
form of technical! data or calculation 

The program for the celebration in- 
cluded a great quantity of information be- 
sides the papers described, which related 
to many exhibits and factories that were 
open to visitors. It was this author’s 
privilege to take advantage of some of these 
One was a visit to the Siemens-Schuckert- 
werke (factory) where research is carried on 
and power equipment is manufactured 
Another was to a museum, and a third was 
to a portion of Soviet controlled East Berlin 
Also, during the four days mentioned there 
was opportunity for walking tours and bus 
tours in and around West Berlin. On May 
15 long tours were in order, the East Berlin 
When the 
men were busy, the well-planned women’s 


visit being part of one of them 


program enabled the wives to gather much 
information regarding life in Berlin Th 
later discussions added much to my knowl- 
edge of how the Germans are now living. 
My wife and I found all this of such great 
interest that we stayed in Berlin another 
day for touring the city and visiting with 
its residents 

[he VDI membership before the war was 
about 60,000. Many branches of engineer- 
ing were represented but the mechanical 
engineers outnumbered any of the other 
classifications There are now about 30,000 
members, 3,000 of whom attended the Berlin 
celebration. This attendance was supple- 
mented by a goodly number of engineers 
from other countries and 1,000 wives and 
relatives of attending engineers. 

As is usual at affairs of this sort, much of 
the value of attendance is the opportunity 
to compare and exchange information with 
Ihe lack of knowl- 


edge of the German language on the part of 


persons from many lands 


the Americans present was most noticeable. 
(his lack made each of us very dependent 
upon one another for such benefit as we 
could obtain from the technical papers pre- 
sented which, though obtainable, were 
printed in German only. Indeed, we were 
also very dependent upon citizens from 
other countries who could speak German 
and English fluently In this regard, we 
from the United States, were often put to 
shame by Europeans who could speak 
fluently four or more languages. 

We are particularly appreciative of the aid 
given us by R. H. Bacon, president of R. H 
Bacon Company, whose account of his ex- 
perience was published on page 682 of 
Mechanical Engineering, July 1956 and to 
R. H. Morris, editorial director, Power Engi- 
neering, who gave an account of his experience 
in the October issue of Power Engineering 
Both of these men helped me gather much 
information about the meetings. 

Earlier in this account mention was made 
of evidence of German courage and ac- 
complishment. Except for some scars of the 
war, all of West Germany seems to be back 
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at about the same living level as before the 
wal Work is plentiful, there is a great 
shortage of engineers even as in the United 
States. Housing still is short but there are 
many fine apartment buildings being erected 
One information source said that in the 
Western Zone almost 300 were built in 
1955 with only one being built in the Eastern 
Zone during the same period 

Our general impression was that al- 
though East Berlin was not a part of the 
nation, Germany is well on the way again to 
being a foreward looking great nation, but 
perhaps without the motto ‘‘Deutschland 
Germany Over All Con- 


templating this, it is to be hoped that the 


iber alles’ 


fears of some of its neighbors that a united 
Germany may produce another dictator will 
neve be re alized 

Our brief visit to East Berlin, together 
with our observation of renegade visitors 
who found ways to visit West Berlin, dis- 
closed eye and ear evidence that the limited 
signs of comfort and prosperity, presented in 
the form of buildings, are show spots only 
They are counterbalanced many times over 
by evidences of the lack of good govern- 
mental housekeeping and the sad spectacles 
of human misery 

Those who desire may obtain German 


ele bration 


language papers presented at the « 
from the Verein Deutscher Ingenieure 
Prinz-Georg-Strass¢ 79 Dusseldorf. Ger- 


many 


Program Set for 
1956 Computer Conference 


Che 1956 Eastern Joint Computer Confer- 
ence, which will meet December 10-12 at 
the Hotel New Yorker and adjoining Man- 
hattan Center in New York, N. Y., has 
announced that some 28 technical papers 
will be presented by the foremost computer 
authorities 

Leading manufacturers of computers and 
associated products will exhibit their equip- 
ment to an anticipated record attendance of 
engineers and management executives. 

Registration fee at the conference is $5 for 
members of the three sponsoring societies, 
AIEE, Institute of Radio Engineers, and 
\ssociation for Computing Machinery, and 
$8 for nonmembers Advance registration, 
geared to save registrants time and effort, is 
$4 for members, $7 for nonmembers All 
will receive a free copy of Proceeding of the 
Computer Conference. 

For advance registration forms, write to 
1956 Eastern Joint Computer Conference, 
Box 1599, Grand Central Station, New York 
17, N. Y. 


[he tentative technical program follows 


Moziday, December 10 


Morning Session 
J. W. Leas, session chairman 
Welcome J. R. Weiner, Confer 


n and Keynote H 


Introducti 
Security Agency 


New Computer Developments Around the World. 


E. S. Calhoun, Stanford Research Institute 


Evaluation of New Computer Components, 
ments, and Systems for Naval Use. L. D. | 
Bureau of Ships 


Equip- 


Whe ch 
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Future AIEE Meetings 


Fall Textile Conference * 

North Carolina State College, Rak 
N.C 

November 1-2, 1 

AIEE-IRE-ISA Conference on Elec- 
tronic Technology in Medicine and 
Biology * 

Hotel McAlpin, New York, N. ¥ 
November 7 1 


AIEE-IRE-MSU Midwest Sympo- 
sium on Circuit Theory * 

Michigan State University 

Mich. 

December 3—4, 1956 


AIEE-IRE-ACM Eastern Joint Com- 
puter Conference* 
Hotel New Yorker, New York, N. ¥ 
December 10-12, 1956 
AIEE-IRE-RETM A-ASQC Sympo- 
sium on Rekability and Quality Con- 
trol 
Hotel Statler, Washington, D. ¢ 
January 14-16, 195 

date for tT P. 1, tCP 

Nov. 1, CPM \ 9 
Winter General Meeting 
Hotel Statler, New York, N. ¥ 
January 5 
finai dat 
Syr \ 
AIEE-IRE-U of P Conference on 
Transistor and Solid State Circuits 
Philade Ipl ia, Pa 
February 14-15, 195 
Final dat t7P—N 
Syr Nov. 30, CPA D 
AIEE-IRE-ACM Western Joint Com- 
puter Conference 
Hotel Statler, Los Ang« 


February 26-28, 

Final te fon *TP 

Syr ec. 14, CPM 

Textile Conference 

Institut 

Atlanta, Ga 

March 7-8, 195 

Final date for *TP—D 
Dec. 22, CPM Jan. 2 


(seorgia 


{CP Syr 


EJC Nuclear Engineering and Sci- 
ence Congress 

Convention Hall, Philadelphi 

March 11-15, 195 

Final Date for *TP—D 

Syr Dec. 27, CPM Jan. 4 
AIEE-ASME Engineering Manage- 
ment Conference 

Pittsburgh, Pa 

March 27~28, 1957 

Final date for *TP—D 

Syn. Jan. 11, CPM Jar 


Southern District Meeting 
Hotel Heidelberg, Jackson, Miss 
April 3-5, 1957 

Final date for *7P—Jan 

Syn Jan. 20, DPMs Ja 


*Final date for submitti 
+TP—Transactions paper 
tCP Syn.—Conference S 

CPMs—Conference Mar 
The CPSyn. date is 1 

late 

&DP Syn.—District Synopsis 

DPMs—District Manus: 
Ihe DPSyn. date is 10 


jate) 











Afternoon Session—New Systems 
Prof. Norman Scott, Session chairman 


The TRANSAC S-1000 Computer. J. L. 
J. B. O Toole, S. ¥. Wong, Philco Corporation 


Maddox, 


A Transistor Computer with a 256 by 256 Memory. 
J. iL. Mitchell, K. H. Olsen, Lincoln Laboratory 


Design Objectives for the IBM STRETCH Computer. 
S. W. Dunwell, IBM Research Laboratory 

A New Large Scale Data Handling System—DATA- 
MATIC 1000. R. M. Bloch, W. C. Carter, E. J. Die- 
terich, J. E. Smith, Datamatic Corporation 

The TRADIC LEPRECHAUN Computer, J. A 
Githens, Bell Telephone Laboratories, Inc. 

Functional Description of the NCR 304 Data Process- 
ing System for Busi pplicati M. S. Shiowits, 
1. A. Cherin, M. J. Mendelson, Norden-Ketay Company 





Tuesday, December 11 


Morning Session—Circuits and Compo- 
nents 


lr. A. Kalin, Session chairman 


Ambient Approach to Solid-State Computer Compo- 
nents. J. K. Hawkins, Logistics Research 


A Magnetically-Controlled Gating Element. D. A 
Buck, Lincoln Laboratory 


A 2.5 Megacycle Ferractor Accumulator. 7. H. Bonn, 


R. D. Torrey, Remington Rand Univac 


High-Temperature Silicon-Transistor Computer Cir- 
cuits. J. B. Angell, Philco Corporation 


A Saturable-Transformer Digital Amplifier with 
Diode Switching E. W. Hogue, National Bureau of 
Standards 

High Speed Transistor Computer Circuit Design 
R. A. Henle, 1BM Research Laborator 
Noon—Luncheon 


Afternoon Session—Input-Output Devices 


W. H. Burkhart, Session chairman 


An Automatic Input for Business Data Processing 
Systems. XK. R. Eldredge, F. J. Kamphoefner, P. H. 
Wendt, Stanford Research Institute 

The Burroughs Electrographic Printer-Plotter for 
Ordnance Computing. Herman Epstein, Paul Kintner, 
Aberdeen Proving Grounds 

A Transistorized Transcribing Card Punch. C. T. 
Cole, K. L. Chien, C. H. Propster, Radio Corporation of 
America 

Apparatus for Magnetic Storage on Three-Inch Wide 


Tape. R. B. Lawrance, R. E. Wilkins, R. A. Pendleton, 
Datamatic Corporation 


Synchronization of a Magnetic Computer. J. Keil- 


sohn, G. Smoliar, Remington Rand Univac 


Wednesday, December 12 


Morning Session—High-Speed Memories 
Prof. Morris Rubinoff, Session chairman 


A Technique for Using Memory Cores as Logical 
Elements. L. Andrews, National Cash Register Com- 
pany 

Recent Developments in Very High-Speed Magnetic 
Storage Techniques. |W. W. Lawrence, IBM Research 
Center 

A Low-Cost Megabit Memory. &. A. Tracy, Burroughs 
Corporation Research Center 

A Compact Coincident-Current Memory 

Pohn, S. Rubens, Remington Rand Univac 

A Cryotron Catalog Memory System. A. £. Slade, 
Arthur D. Little, Inc. 


Afternoon Session—Random Access 
Memory Files and Conference Summary 


John Howard, Session chairman 


The Datafile—A New Tool for Extensive File Storage. 
D. N. MacDonald, C. L. Ricker, ElectroData Corporation 


Engineering Design of a Multiple Access Storage 
System (MASS). M. L Telecomputing 
Corporation 


Greenfield, 





Past Chairman Honored 


S. C. TOWNSEND (right), manager of the atomic power department, Pennsylvania Power and Light 
Company, Allentown, Pa., and past chairman of the Lehigh Valley Section of the AIEE, receives past 
Chairman certificate and pin from F. S. Fehr, Reading, Pa., (second from left), chcirman of the Lehigh Valley 


Section. 


Eastern Air Lines, gave a lecture on “Aircraft Eleciric Circuitry and Instrumentation.” 


Presentation took place at the Hazleton, Pa., Division Meeting at which A. J. Mustard (left), of 


W. F. MacKenzie, 


Jr., Hazleton Division chairman (second from right) looks on. 
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A Large-Capacity Drum File. V. 
Welsh, Remington Rand Univac 


FF Porter, H. F. 


System Organization of the IBM 305. 
J. W. Haanstra, 1BM Laboratory 


M. L. Lesser, 


Conference Summary—J. W. Carr, III 


Nominations for 1957 
Election of AIEE Officers 


For the nomination of officers to be voted 
upon in the spring of 1957, the AIEE Nomi- 
nating Committee will meet in New York, 
N. Y., January 21, 1957. The officers to be 
elected are: a president, a treasurer, three 
directors, and five vice-presidents, one from 
each of the even-numbered geographical 
Districts. Fellows only are eligible for the 
office of president; Members and Fellows 
for the offices of vice-presidents, directors, 
and treasurer. 

To guide this committee in performing its 
constituted task, suggestions from the mem- 
bership are, of course, highly desirable. To 
be available for consideration of the com- 
mittee, all suggestions must be received by 
the secretary of the committee at Institute 
headquarters not later than December 14, 
1956. 

In accordance with the provisions in the 
constitution (C) and bylaws (B), quoted in 
the following paragraphs, actions relating 
to the organization of the Nominating Com- 
mittee are now under way: 


Constitution 


C-30. There shall be « 
ing Committee consisting of one representative of each 
geographical District, elected by its executive committee, 
one representative of each technical division elected by 
the division committee, and other members chosen by 
and from the Board of Directors not exceeding in number 
the number of technical divisions; all to be selected 
when and as provided in the Bylaws. The Secretary 
of the Institute shall be the secretary of the Nominating 
Committee, without voting power 


C-31, The executive committee of each geographical 
District shall act as a nominating committee of the 
candidate for election as vice-president of that District, 
or for filling a vacancy in such office for an unexpired 
term whenever a vacancy occurs. 


C-32. The Nominating Committee shall receive such 
suggestions and proposals as any member or group of 
members may desire to offer, such suggestions being sent 
to the secretary of the committee. 


onstituted each year a Nominat- 


The Nominating Committee shall name, on or before 
January 31 of each year, one or more candidates for 
president, treasurer, and the proper number of direc- 
tors, and shall include in its ticket such candidates for 
vice-presidents as have been named by the nominating 
committees of the respective geographical Districts, if 
received by the Nominating Committee when and as 
provided in the Bylaws; otherwise the Nominating 
Committee shall nominate one or more candidates for 
vice-president(s) from the District(s) concerned. 


Bylaws 


B-27. During September of each year, the secretary 
of the Nominating Committee shall notify the chairman 
and secretary of the executive committee of each geo- 
graphical District, and the chairman and secretary of 
each technical division committee, that, by December 15 
of that year, each District and each technical division 
should select a representative to serve as a member of 
the AIEE Nominating Committee and an alternate to 
serye if the representative is unable to attend the meeting 
of the Nominating Committee. The names of represent- 
atives and alternates, so selected, should be transmitted 
by the above designated officers to the secretary of the 
Nominating Committee by December 15. 

During September of each year, the secretary of the 
Nominating Committee shall notify the chairman and 
secretary of the executive committee of each geographical 
District in which there is, or will be during the year, a 
vacancy in the office of vice-president that by December 
15 of that year, a nomination for a vice-president in 
that District made by the District executive committee 
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should be in the hands of the secretary of the Nominating 
Committee. 


Between October first and December fifteenth of each 
year, the Board of Directors shall choose a number of its 
members, not exceeding the number of technical divi- 
sions, to serve on the Nominating Committee, and notify 
the secretary of the Nominating Committee of the names 
of the members so chosen. 

The secretary of the Nominating Committee shall give 
the members so selected not less than 10 days’ notice of 
the first meeting of the committee, which shall be held 
not later than February 15, 1957. At this meeting, the 
committee shall elect a chairman and shall proceed to 
make up a ticket of nominees for the offices to be filled 
at the next election. To insure that full consideration 
be given to all suggestions from the general membership, 
they must be in the hands of the secretary of the com- 
mittee by December 15, 1956. The nominations as 
made by the Nominating Committee shall be published 
in the March issue of Electrical Engineering, or otherwise 
mailed to the Institute membership not later than the 
first week in March 


Independent nominations may be made 
in accordance with provisions in article VI, 
C-33, of the constitution and B-28 of the 
Bylaws, which are quoted in the following 


Constitution 


C-33. Independent nominations may be made by a 
petition of twenty-five (25) or more corporate members 
sent to the secretary when and as provided in the By- 
laws; such petitions for the nomination of vice-presidents 
shall be signed only by members within the District 
concerned 


B-28. Petitions proposing the names of candidates as 
independent nominations for the various offices to be 
filled at the ensuing election, in accordance with C-33 
must be received by the secretary of the Nominating 
Committee not later than March fifteenth of each year, 
to be placed before that committee for the inclusion in 
the ballot of such candidates as are eligible. 


28.1 The candidates shall appear on the ballot, 
grouped alphabetically under the name of the office for 
which each is a candidate. 
shall be restricted to the nominees printed on the ballot 


The voting in each case 


28.2 The ballot shall provide a place where the 
entire slate of nominees can be voted with a single mark, 
if there is no choice to be made between any of the 
candidates. The balloting should be secret in the case 
of a contest. The ballots shall be checked for ineligible 
voters only in the case of a contest. 

28.3 The Tellers’ Election Report shall give the 
sum total of the ballots received and shall designate this 
total as a vote for the entire slate of officers where there 
are no alternative candidates. Only in the case of a 
contest shall an individual count be made. 


28.4 The President shall decide the number of 
Tellers for each election. The Secretary is authorized 
to prepare the ballot for counting on a business machine 
where feasible. 

(Signed) N. S. Hibshman 
Secretary 


Program on the Science of 
Transistor Circuit Design Planned 


A tutorial series and study program on 
**The Science of Transistor Circuit Design’’ 
will be sponsored by the Basic Science Divi- 
sion of the New York Section of AIEE. 

The program will be held on six successive 
Tuesday evenings, November 13 to Decem- 
ber 18, 1956, from 6:30 to 9:00 p.m., at the 
Western Union Auditorium, 60 Hudson 
Street, New York, N. Y. 

The topics scheduled are Network Repre- 
sentations, R. L. Pritchard, General Electric 
Company, November 13; Power Transistor 
Circuit Design and Limitations, L. Vallese, 
Polytechnic Institute of Brooklyn, November 
20; Stability Considerations in Transistor 
Amplifiers, T. O. Stanley, Radio Corpora- 
tion of America, November 27; High Fre- 
quency Design Considerations, L. Schimpf, 
Bell Telephone Laboratories, December 4; 
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Circuits, M. Rubinoff, 
University of Pennsylvania, December 11; 
and Synthesis of Active Circuits Using 
lransistors, I. Horowitz, Polytechnic Insti- 
tute of Brooklyn, December 18. 

For further information and advance 
registration, write to Moe Wind, Polytechnic 
Research and Development Company, Inc., 
202 Tillary Street, Brooklyn 1, New York. 

The registration fee is $3 for AIEE mem- 
bers, $6 for nonmembers. Make checks 
payable to Basic Science Division, New York 
Section, AIEE. 


Transistor Logic 


New Staff Position 
Open at AIEE Headquarters 


AIEE is seeking a member to join its full- 
time staff at Headquarters. The introduc- 
tion of the new departmental type organiza- 
tion has created the need for a staff man to 
serve as Secretary to the Professional De- 
velopment and Recognition Department in 
which the major operational activity is con- 
ducted by the Student Branches Committee. 
Reference to page 858 in the September 1956 
issue of Electrical Engineering will show the 
committees grouped in the Professional De- 
velopment and Department. 
The names of these committees summarize 
the objectives of the Department. It seeks 


Recognition 


to promote the professional development of 


the individual electrical engineer from the 
time he begins to think about choosing his 
career, until the mature years when his 
work is being evaluated by his peers and ac- 
corded recognition. 

The Staff Manager or Secretary for this 
Department will be responsible for much of 
the co-ordination of these efforts. However, 
his major responsibility will be in the promo- 
tion of the educational work of the Institute 
through its Student members and Student 
Branches. The work will be varied and 
interesting. It will be partly promotional, 
organizational, writing, and editing. 

The ideal experience would be 
years on an electrical engineering faculty, 
plus technical writing or general journalism, 
plus sales experience or personnel adminis- 
tration or association management. The 
likelihood of finding all of this experience in 


several 


one relatively young man is recognized as 
definitely remote. 
of the Institute would like to hear from any 
member who is interested in trying his hand 
at the job. 
Write to: 


However, the Secretary 


N. S. Hibshman, Secretary 
American Institute of Electrical Engineer 
33 West 39th Street 
New York 18, N. Y 
[he pay is competitive in the present market. 
Headquarters is in New York City 


should not take more than 25 per cent of the 


lravel 


time 





North West District 


Let — 


we 


bp a des s 


i" CIN , \ | 


> 


Executive Committee 


Courtesy C. B. Brown 


THOSE PRESENT at the North West District Executive Committee Meeting in Portland, Ore., September 14, 
1956, included (kneeling, left to right) A. Thommasen, chairman, Vancouver Island Subsection; E. C. 
Starr, Portland, Sections Committee; H. Arnett, Portland, secretary, North West District; M. M. Ewell, 
Portland, vice-president; E. B. Hedberg, chairman, Medford Subsection; R. B. Carter, chairman, Van- 
couver Section; J. G. Kirwan, vice-chairman, Portland Section; C. R. Kingsbury, chairman, Seattle Section; 
R. F. Durnford, Montana State College, chairman North West District Committee on Student Activities; 
(standing, left to right) R. M. Gilbert, Spokane, vice-chairman Membership Committee; J. D. Fox, chair- 
man, Spokane Section; J. A. Davis, chairman, Utah Section; C. H. Staff, chairman, Tacoma Subsection; 
P. C. Magnusson, chairman, Eugene Subsection; H. A. Carlberg, vice-chairman, Richland Section; C. R. 
Beitman, chairman, Billings Subsection; W. J. Wheeler, chairman, Montana Section; A. E. Opdenweyer, 
chairman, Portland Section; H. L. Baker, secretary-treasurer, Montana Section; E. W. Hendron, secretary- 
treasurer, Utah Section; E. M. Lee, secretary-treasurer, Seattle Section; P. W. Worthen, chairman, Boise 
Subsection; G. M. Clifton, chairman, 1957 Pacific General Meeting, Richland Section; S. G. Yates, 
Spokane Section; M. M. Dye, chairman, Eastern Idaho Subsection; R. C. Hoffman, chairman, Richland 
Section; C. B. Brown, Montana Section; G. J. Henrikson, vice-chairman, Vancouver Section; and H. R. 


Hughes, Richland Section. 
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R. E. Kistler, Seattle, director, also attended the meeting. 





Conference Papers Open for Discussion 


Conference papers listed below have been accepted for AIEE Transactions and are 


now open for written discussion until 


November 26. 


Duplicate double-spaced 


typewritten copies of each discussion should be sent to Edward C. Day, Assistant 


Secretary for Technical Papers, American Institute of Electrical Engineers, 33 West 


39th Street, New York 18, N. Y., 


56-660 
C. P. Zimmermar 
56-708 
56-709 
W. A. Morgan, G. R. George, R.¢ 
56-771 
Cohon 
56-937 
56-943 


56-946 


tiger, Y. H. Ru 
56-948 


56-973 


and Laboratory Studies. A. P 


56-991 A New 115-Kvy 


R. E. Friedrich 
56-992 


T. E. Browne, Jr., A. P. Stron 


56-995 
Systems. /. Temoshok, F. S 
56-997 


Generator Units. A.C 


Salient Electrical Features of Muskingum River Plant. V. P 


Big Bend-Granite Falls 230-Kv Transmission Line. 7. 


Carbon Brush Capacity Calculations. J. G 


Electric Shock Hazard Analysis. 


on or before November 26 


Rader 


VM. Austir 


Transmission Planning for Mountain Sheep-Pleasant Valley Project. 
Guse 


M. F. Hatch 


Refinements in Design of Steam-Electric Generating Stations. 


The Synchronous Double-Fed Induction Machine. 


Wilhite 


Speed Control of Induction Motors Using Saturable Reactors. P. / 


K. S. Geis 


Lightning Protection of Unit-Connected Turbine Generators—Field 


Hayward, J. K. Dillard, A. R. Hilemar 


1,000-Mva Gas-Filled Circuit Breaker. C. F. Cromer, 


Interruption of Capacitance Charging Currents in Sulfur Hexafluoride. 


Excitation Voltage Response Definitions and Significance in Power 
Rothe 

Steam Station Auxiliary Systems for Large High-Pressure Turbine- 
Dolbec, 


J. J. Heagerty, A. G. Mellor 


Preprints may be purchased at 40¢ each to members, 80¢ each to nonmembers, if 


accompani¢ d by remittance or coupons. 


tance to 


Papers Called for by 
AIEE-IRE-U of P Conference 


solid state cir- 
ATEE-IRE- 
Iransistor and Solid 
State Circuits, February 14-15, 1957, Phila- 
delphia, Pa 

Deadline for submission of 
November 
abstract to: George H 
Electric 
Ave., Pittsburgh 6, Pa 


Papers on transistor and 


cuits are wanted by the 1957 


U of P Conference on 


100 word ab- 
1956. Please send 
Westing- 


Collins 


Stracts 1S 
Royer, 


house Corporation, 356 





American 
Institute of Electrical Engineers, 
including a subscription to this 
publication, is open to most elec- 
trical engineers. Complete in- 
formation as to the membership 
grades, qualifications, and fees 
may be obtained from Mr. N. S. 
Hibshman, Secretary, 33 West 39th 
Street, New York 18, N. Y. 


Membership in the 











1040 


Please order by number and send remit- 


ATEE Order Department, 33 West 39th Street, New York 18, N. Y. 


COMMITTEE ACTIVITIES 


Eprror’s Nort 
the conventer ne various AIEE technical 

all brief news reports 
fivilies Items for this lepartmer f. 

ld be as short as possible, should be 
R. § AIEE Head- 

33 West 39th Street, New York 18, N. ¥ 


include 


Gardner at 


General Applications Division 


Committee on Domestic and Commercial 
Applications (H. F. Hoebel, Chairman; G 
E. Schall, Jr., Vice-Chairman; J. A. Deubel, 
Secretary This Committee, with a number 
of new members, is looking forward to a pro- 
year. A 

sponsored at the 


technical 
Winter 
Meeting at which the Committee 


ductive and interesting 


session will be 
General 
hopes to present a cross-section of activities 
by having papers from all four of the sub- 
committees. This should lead to an absorb- 
ing meeting 

Interest in the subject of electric space 
heating and heat pumps remains high in all 
parts of the country. Considerable work is 
being done on the West Coast, in particular, 


Institute Activities 


This department has been created 





Bimonthly Publications 


Ihe bimonthly publications, Communica- 
tion and Electronics, Applications and Industry, 
and Power Apparatus and Systems, contain the 
formally reviewed and approved numbered 
District 
publica- 


and 
The 


tions are on an annual subscription basis 


papers presented at General 


meetings and conferences. 
In consideration of payment of dues, mem- 
Student 


receive one of the three publications; ad- 


bers (exclusive of members) may 
ditional publications are offered to mem- 
bers at an 


$2.50 


annual subscription price of 


each. Nonmembers may subscribe 


on an advance annual subscription basis of 
$5.00 each (plus 50 cents for foreign postage 
payable in advance in New York exchange ). 
Single available, are $1.00 


copies, when 


each. Discounts are allowed to libraries, 


publishers, and subscription agencies 





on the engineering and economic aspects of 
electric resistance heating for homes, apart- 
ments, and commercial premises. The 


Heat 


Subcommittee sponsored sessions at 


Electric Heating and 
(West 
the Pacific General Meeting on this subject 


for the past few years. We 


Space Pumps 


intend to con- 
tinue this practice 

The Committee is following with a great 
deal of interest the various discussions and 
studies which have been made recently on 
the question of higher secondary voltages for 
utilization equipment. This is of particular 
interest to the Domestic Appliance Subcom- 


mittee because of the great effect any ma- 
terial increase in voltage would have on the 
engineering design, performance, and safety 
of appliances \ discussion of the subject 
is planned at future Technical Conferences 
sponsored by this Subcommittee. 

For the past several years, both the Farm 


Do- 


\ppliance Subcommittee have spon- 


Electrification Subcommittee and the 


mestic¢ 
Technical Conferences ir 


sored separate 


various parts of the country These Con- 


ferences viven once a year, have presented 
current interest to 
fields Chey 


have been very well attended and we hope 


and discussed items of 


electrical engineers in these 


to continue holding such meetings 


Power Division 


S. Scheer- 


Vice-Chairman: 


Committee on Substations (W. 
ing, Chairman; J. A. Smith, 
A. F. Sedgwick, Secretary ). 


on Substations now has eight projects which 


The Committee 


are being actively carried on. 
Standard (C37.2- 
Control, 


American 
Station 
Associated Telemetering Equip- 


Revision of 
1945—Automatic 
visory and 


Super- 


ments, which was assigned to the Automatic 
and Supervisory Control Subcommittee has 
now been approved by the ASA Sectional 
Committee C37 
the near future 

A Working Group on Voltage Gradients 
through the Earth under Fault 


and should be published in 


Conditions 
has been formed with liaison representation 
from the Committee on Transmission and 
Distribution and the Committee on Protec- 
tive Devices. 


A new working group comprising members 
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from the West Coast Subcommittee has been 
formed to prepare a report on West Coast 
practices for transil oil handling in substa- 
tions. 

An interim report was presented at the 
Summer and Pacific General Meeting in 
San Francisco by the Working Group on 


Extra High Voltage Substations. The work 


of this group will be continued and the final 
report will be presented at a future General 
Meeting. 

Liaison representatives from this Commit- 
tee have been assigned to working groups 
under the Committee on 
Distribution, 
and the Standards Committee 


I'ransmission and 


Committee on Telemetering, 


AIEE FELLOWS ELECTED 


Board of Directors Meeting, August 17, 1956 


Luigi Pancrazio Emanueli (M ’28, Life 
Member), Board of 
Directors and Pirelli 
S. P. A., Milan, Italy, has been transferred 
to the grade of Fellow in the AIEE “ for 
the outstanding oil-filled 
cable which made practical underground 


vice-chairman of the 


consulting engineer, 


development of 


power transmission at extra high voltages 

Mr. Emanueli was born in Milan, Italy, 
May 4, 1883. He graduated from Politec- 
nico di Milano with the degree of doctor of 
1906. He joined 
Pirelli S. P. A. in 1907 as a research engineer 


electrical engineering in 


in the cable department, becoming technical 
manager of the department in 1917, and 
In that same year, 
he was made chief engineer of Pirelli-General 
Cable Works, Southampton, England. In 
1931, he was 


chief electrician in 1919. 


appointed vice- 


1938 


assistant 
president, and in vice-president in 
charge of manufacturing, development, and 
Pirelli S. P. A., Milan. At the 
same time, he became a director of the board 
of Pirelli S. P. A. and also a director of 
Pirelli-General Cable Works 


general 


research, 


He was made 
manager responsible for develop- 
ment and research in 1944, and assumed his 
present position as vice-chairman of the board 
of directors and consulting engineer in 1954. 
Mr. Emanueli’s principal contribution is the 
development of the ‘Pirelli oil-filled cable,” 
able for 
[his de- 


velopment made possible the transfer of large 


the first practical extra high voltage c: 
which he is known the world over 


blocks of power through underground cables 
areas. Mr. 
member of Associazione Elettrotecnica Itali- 
ana, Institution of Electrical 
Istituto Lombardo di Scienze e Lettere, and 
Societe 


in congested Emanueli is a 


Engineers, 
Francaise des Electriciens. He is 
vice-president of International Conference on 
Large Electric 


(CIGRE). 


High-Tension Systems 


(AM 731, 


Jackson and 


Arthur Eugene 
M ’39 electrical 
Moreland, Boston, 
ferred to the grade of Fellow in the AIEI 
for his contributions to the teaching of 


electrical engineering and to the 


Fitzgerald* 
engineer, 


Mass., has been trans- 


analysis of 
electric power system stability and opera- 
tion.’’ Dr. Fitzgerald was born in Brooklyn, 
N. Y., September 22, 1909. He graduated 
from the Polytechnic Institute of Brooklyn 
with the degree of electrical engineer in 1929. 
For the following two years he participated in 
a co-operative program involving test engi- 
neering work for the General Electric Com- 
* Mr. Fitzgerald’s transfer to the grade of Fellow was 


approved by the Board of Directors at their meeting on 
June 29, 1956 
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Mass., and study at the 
Institute of 


(MIT), resulting in the degree of master of 


pany at Lynn, 


Massachusetts lechnology 
science in electrical engineering from MIT in 
1931. 
doctor of science in electrical engineering by 
MIT in 1937. Dr. Fitzgerald joined the 
staff of MIT in 1931 as a research assistant, 


1935, 


He was also granted the degree of 


advancing to instructor in assistant 
professor in 1940, associate professor in 1945, 
and professor in 1952. He was responsible 
for the re-evaluation and development of 
electrical engineering courses for students not 
In con- 


nection with this program he wrote the book 


majoring in electrical engineering. 
‘Basic Electrical Engineering,’’ used in over 
100 engineering schools in this country and 
abroad. He was also responsible for the 
development of a modern undergraduate 
course in electrical machinery for electrical 
engineering majors. He is coauthor of the 
book ‘Electrical Machinery,” 
than 50 engineering schools. Dr 


MII 


analyzer, and supervised graduate 


used in more 
Fitzgerald 
directed the use of the network 
study in 
power system analysis. During his years at 
MIT, he served as a frequent consultant to 
Jackson and Moreland on matters of power 
system analysis and planning, and in 1954, 
he joined this consulting engineering firm on 
a full-time basis. At Jackson and Moreland 
he has carried out analysis of many utility 
and industrial electric power systems. Dr 
Fitzgerald is a registered professional engineer 
in the State of Massachusetts. He is a 
member of Sigma Xi. 


Oaklee Edgar Charlton (AM °26, M °38 
planning engineer, Southern Services, Inc 
Birmingham, Ala., has been transferred to 
the grade of Fellow in the AIEE “ for 
engineering achievements in the planning of a 


O. E. Charlton 
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L. P. Emanueli 


large interconnected power system. 

Charlton was born in Christiansburg, 
October 19, 18 
of science degree in electrical engineering 
from the Massachusetts Institute of Tech- 
MIT) in 1924 After graduation he 
joined the Dixie 


leaving in 1925 t 


He received a bachelor 


nology 
Construction Company, 
graduate student 
and assistant in the Electrical Research 
Laboratory at MIT In 1926, he returned 
to the Dixie (¢ 


become a 


onstruction Company where he 


prepared studies and economic analyses of 


interconnected From 


1930 to 1931, he was with Allied Engineers, 


power companies 


Inc. (successors to Dixie Construction Com- 
pany ), is engineer for aSSOC1 
Gulf Power 


conducted general 


Sponsor 
Mississippi Power and 
panies. He also 
neering and economic investigations of 
Commonwealth and Southern interconnected 
From 1931 to 1949, with Con 
wealth and Southern Corporation (successors 
to Allied Inc he 


sponsor 1 


associated opel! 


system mon- 


Engineers, 


engineer tor 


co-ordinating engin 


economic studies 


companies, 
Detween 
engineering, ind operating 
Mr. Charlton has 
Southern Services, In¢ 


been associa 
successors t 
monwealth and Southern Corporation 
1949 to the present time, as system pl 
engineer for the Southern Company 


Alabama Pow 


Georgia Power, Gulf Power, and Mississippi 


operating companies: 


Power Companies. His responsil i in 
clude direction of power supply stud 
tem design, equipment application, 


ordination of interconnected transmission 
systems, and general technical studies. His 


planning responsibilities embrace long- 


range programs tor expanding operations of 
the Southern System, involving inv 
of energy sources, analyses of 


development of higher voltag« 


systems, and long-range econon 
Mr. Charlton is a 
engineer in the State of 
following AIEE Com: 

1940-47), and 


registered 
labam: 
served on the 
Protec tive 


Frederick 
partne! 


Comp 


Arthur Hartung 
3 Burns and 


ny, Kansas 


a 
been transferred to the 


AITEE ** for his contr 


opment 


Zit 


A. E. Fitzgerald 





Phot 


A. F. Hartung 


engineering from the University of Kansas in 
1926 After 


years with the General Electric Company in 


graduation, he spent three 
the testing department and as staff engineer 


in the switchgear engineering department. 
He was also selected to take the General 
Electric Company’s advanced course in 
engineering In 1929, Mr. Hartung joined 
the Burns and McDonnell 


assistant 


Engineering 
engineer. He 
engineer in 1941, and 
of the firm in 1947. During his 
with Burns and McDonnell, he has 


Company as an 
became associate 
partner 
caree! 
prepared many reports, studies, and designs 
for electrical and mechanical projects. He 


has been in charge of the design, construc- 


tion and supervision ol numerous power! 
stations and plants, and was directly respon- 
sible for high voltage transmission line proj- 
ects for the Kansas City, Kans., Board of 
Public Utilities; City Utilities of Spring- 
field, Mo 


ind others 


Alabama Electric Co-operative, 
The design and construction of 
utilities services including steam, compressed 
uir, electric, and air conditioning for a num- 
ber of large industrial plants and for the 
Atomic Energy Commission were also under 
his direction Mr 


numerous papers and articles on power plant 


Hartung is the author of 


ind electrical subjects. 
the American Society of Mechanical Engi- 
National 


Engineers 


neers Society of Professional 
Engineers Club of Kansas City, 
ind Tau Beta Pi He is a registered pro- 
essional engineer in the States of Missouri, 
Florida, Illinois, Texas, and Utah M: 
Hartung has served on the AIEE Committee 


on Power Generation (1949-50 


Maurice Ernest Laborde (M 


ant manager of the studies 


assist- 
research 


department, Electricité de Paris 


France, has been transferred to the grade of 


Fellow in the AIEE * for his contributions 
in the development and application of extra 
high voltage cables to underground power 
Laborde was born in 
Constantine, Algeria, August 17, 1900. He 
received the engineer’s diploma from the 
Ecole Superieure 1927. 
From 1927 to 1928, 


transmission.”” Mr 


d’ Electricit in 
he was a probationary 
Nord-Lumiere 


Following this, he joined Union d’Electricité 


engineer at the Société 
48 an engineer in the electrical department. 
chief 1933, and 
issistant manager in charge of the studies 
and work department in 1941. In 1946, he 
went to Electricité de France as an engineer 


He became engineer in 


appointed to the direction of the studies and 
research department From 1946 to 1950, 
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M. E. Laborde 


He is a member of 


E. W. Logan 


as chief of the research services on system 
equipment, he was entrusted in particular 
with the study and installation of the Re- 
search and Testing Center of Fontenay, the 
most important laboratory for the testing of 
voltage 
Since 1950, he has been assistant 


extra high system equipment in 
France. 
manager of the studies and research depart- 
ment. In this position, he has carried out 
research on interruption phenomena and the 
development of extra high voltage insulated 
cables and submarine power cables. Mr. 
Laborde has had engineering experience in 
Since 1934, 
he has been master-lecturer and professor in 


teaching as well as in industry. 


charge of the course in power station and 
substation electrical equipment at the Ecole 
d’Electricité. He has 
member of the Board of Directors of the 
1939, 


and vice-president of the Board of Directors 


Superieure been a 


Ecole Superieure d’Electricité since 
of the Society to promote the development of 
high grade teaching of electrical engineering 
1946. Mr. 


member of the French Electrotechnic Com- 


in France since Laborde is a 
mittee and has been French delegate at the 


International Electrotechnical Commission 


since 1939. He is a permanent member of 
the Conference Internationale des Grands 
Reseaux Electriques. He is also a member 
of Societe Francaise des Electriciens, Societe 
des Ingenieurs Civils de France, Union des 
Electri- 
ciens, and Institution of Electrical Engineers. 


Physiciens, Association Suisse des 
Since 1948, he has been chairman of the 
Board of Directors of the Revue Générale 


Electricité 


Edwin William Logan (AM °38, M °44), 
chief 
Electric Manufacturing Company, St 


electronics engineer, The Emerson 
Louis, 
Mo., has been transferred to the grade of 
Fellow in the AIEE ‘ 


to the development of automatic equipment 


for his contributions 


for the direction of military weapons.”’ Mr. 
April 21, 


1912. He received a bachelor of science 


Logan was born in Monroe, La., 


degree in electrical engineering in 1937 from 
the Missouri School of Mines and Metallurgy. 
He also 


mathematics, mechanics, and servomecha- 


engaged in graduate studies in 


nisms at the Institute of Technology, St. 
Louis University. After graduation in 1937, 


Mr. Logan joined The Emerson Electric 
Manufacturing Company as commercial 
From 1939 to 1941, he served as 


chief research engineer, directing all phases 


engineer. 
of the research activities of the company. 


He was appointed chief electrical engineer of 
the newly formed Turret Division in 1942. 


Institute Activities 


M. W. Smith 


E. C. Wentz 


In this capacity, he directed the design, 
development, installation, and test of the 
electrical control systems used in the aircraft 
gun turrets produced by the company. In 
co-operation with the Massachusetts Insti- 
tute of (MIT) Radiation 
Laboratory, he directed the installation of 
early 


Iechnology 


radar and gun laying equipment in 
Emerson turrets and helped in their tests. 
Early in 1945, Mr. Logan was assigned the 
task of 
radically 


initiating the development of a 
new type of air-to-air automatic 


fire control system. 


He spent considerable 


time at the MIT Instrumentatidn Labora- 
tory learning the philosophy of the new 
system and devoted further time at the MII 
Servomechanisms Laboratory learning new 


1948, Mr. 


was made chief electronics engineer in the 


control techniques. In Logan 
Electronic Development Engineering Divi- 
sion which Emerson established at that time 
As chief of this division, he directs the tech- 
nical design, development, and test of all 
electronic instrumentation, electronic com- 
puters, instrument and control system servos, 
radars, radar fuzes, vibration isolators, heat 
transfer units, system engineering philoso- 
phies, and electronic packages. Mr. Logan 
is a member of Tau Beta Pi, Phi Kappa Phi, 
Theta Tau, and Eta Kappa Nu. He is a 
registered professional engineer in the State 
of Missouri. 


Malcolm Winston Smith (M °44), in charge 
of production and transmission construction, 
Ohio Edison Company, Akron, Ohio, has 
been transferred to the grade of Fellow in the 
AIEE ‘‘ for his contributions to the eco- 
nomical construction of transmission and 
generation facilities of a large electric power 
system.’ Mr. Smith was born in Steuben- 
ville, Ohio, May 30, 1899. 
bachelor of degree in 
Pennsylvania State Uni- 
versity in 1922. Mr. Smith has been associ- 


He received a 
science electrical 


engineering from 


ated with Ohio Edison and predecessor com- 
panies for 30 years. Following graduation 
in 1922, he did construction and maintenance 
work for the Carnegie Steel Corporation. 
In 1924 and 1925, he was engaged succes- 
sively as electrician’s helper, electrician, and 
electrical foreman on the building of the 
Toronto, Ohio, steam-electric generating 
station by Stevens and Wood, Inc., for the 
Ohio River Edison Company (a predecessor 
of the Ohio Edison Company ). 
the completion of the Toronto plant, he 
served as its chief electrician for 10 years. 
From 1930 to 1936, he served on the Toronto, 
Ohio, City Council as president pro-tem 


Following 
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and chairman of the ordinance and finance 
committees. Following the Ohio River 
flood of March 1936, when the Toronto 
Station was flooded out, he developed the 
‘low frequency” method of mass dry-out of 
motors and other electrical equipment. In 
1937, he became superintendent of electrical 
construction for the company, with head- 
quarters in Akron, in charge of all electrical 
station and substation construction ana 
maintenance for the production and trans- 
mission department. He also co-ordinated 
the engineering of new projects and improve- 
ments. In 1947, 
intendent of 


he became general super- 
production and transmission 
construction for the company, since which 
time he has supervised the installation of all 
new generation, transmission, substation, and 
steam heat station facilities for the company 
On October 1, 
of all production and transmission construc- 
tion. Mr. Smith is a member of the Ohio 


1952, he was placed in charge 


Professional Engineers 


Edward Charles Wentz (AM °28, M °42 


section manager, Westinghouse Electric 
Corporation, Sharon, Pa., has been trans- 


ATE! 


for his design advances on high-capacity 


ferred to the grade of Fellow in the 


current transformers.’’ Mr Wentz was 
born in St. Paul, Minn., July 3, 1905. He 
received a bachelor of science degree in 
electrical engineering from the University of 
Minnesota in 1926 and a master’s degree in 
electrical engineering from the University of 
1936. In 1939, he 


engineer’s degree 


Pittsburgh in received 
the electrical 
University of Minnesota. 
ation in 1926, Mr. Wentz spent two years in 


from the 


Following gradu- 


a student course sponsored. by Westinghouse. 
From 1928 to 1942, he was a design engineer 
in the instrument transformer section of the 
transformer engineering de- 
partment. Wentz 
was responsible for development of a theo- 


Westinghouse 
During these years, Mr 


retical basis for the design of large current 
transformers for buss differential protection 


of large generator installations where the 
initial effect transient may tend to saturate 
the core and give false operation of relays. 
His work in this field led the industry in its 
applications for a number of years. From 
1942 to 1952, Mr 


section manager and section manager of the 


Wentz served as acting 


instrument __ transformer design ection 


From 1952 to the present time, he has been 
section manager in charge of a group of de- 
velopment engineers and has been responsi- 
ble for the development of large power trans- 
formers including insulation, thermal design, 
and auxiliary equipment In this connec- 
tion, Mr. Wentz has contributed materially 
to the recent standardization of power trans- 
former bushings to permit interchangeability 
Wentz is the 
technical papers which 
AIEE Transastions. He 
has served on the following AIEI 
mittees: Relays (1947-49), and 
formers (1947-48 


among manufacturers. Mr 
author of several 
have appeared in 
Com- 


l'rans- 





AIEE PERSONALITIES 


F. R. Kappel (M °43, F’50), president, West- 
ern Electric Company, has been elected pres- 
ident of the American Telephone and Tele- 
graph Company. Mr. Kappel was born in 
Albert Lea, Minn., January, 14, 1902. He 
was graduated from the University of Minne- 
sota in 1924 with a bachelor of science degree 
He entered the Bell 
as a groundman with the 


in electrical engineering. 
System in 1924 
Northwestern Bell Telephone Company and 
thereafter, held a number of engineering and 
operating positions He was elected a vice- 
president and director of Northwestern Bell 
in 1942. In 1949, Mr. Kappel went to 
American Telephone and Telegraph Com- 
pany. That same year he was elected vice- 
president and placed in charge of the long 


F. R. Kappel 


lines department. He later became vice- 
president of the company in charge of opera- 
tion and engineering. In 1954, he was named 
president of the Western Electric Company 
where he has been in charge of the manu- 
facturing unit of the Bell System. Mr 
Kappel received the University of Minnesota 
“Outstanding Achievement Award” in 1954. 
He is a member of Eta Kappa Nu. 


NOVEMBER 1956 


P. A. Abetti (AM °49, M ’55 


Computer 


, engineer in 
charge of the Project, power 
transformer department, Electric 
Company (GE), Pittsfield, Mass., has been 


awarded first prize in an international com- 


General 


petition for the best original work on the 
subject of scientific advancement in tech- 
nical applications of electricity in all fields 
The award of $600 is being made to Dr 
Abetti this fall by the Foundation George 
Montefiore in Belgium Che subject of his 
paper was the study of transient phenomena 
by means of electromagnetic models. Born 
in Florence, Italy, Dr. Abetti received the 
degree of doctor of engineering in 1945 from 
the University of Pisa. He came to the 
United States the following year and con- 
tinued his studies at the Illinois Institute of 
Technology where he received a master of 
1948 and the degree of 
doctor of philosophy in electrical engineering 
in 1953. In 1948, he joined the General 
Electric Company. Dr. Abetti received the 
Coffin Award from GE in 1953 for his work 
in electromagnetic models of power trans- 
\ member of Eta Kappa Nu, Tau 
ATEE 


science degree in 


formers. 
Beta Pi, and Sigma Xi, he served on 


Basic Sciences Committee (1953-56 


L. M. Goldsmith (M °’26, F °47), general 
manager, engineering and construction de- 
partment, The Atlantic Refining Company, 
Philadelphia, Pa., has been honored for the 
completion of 40 years of service with the 
company. Dr. Goldsmith is well known for 
his many engineering contributions to the 
industry. 


advancement of the petroleum 


He successfully pioneered application of 
electric welding in construction of pipelines 
and ocean-going tankers. He engineered 
development of the first high-pressure, high- 
temperature, turbine electric steamship, and 
was later responsible for the world’s first 
class of 30,000 deadweight ton supertankers 
During World War 
II, he served as an expert consultant to the 
War Department and was loaned to the 


British Ministry of War to participate in the 


used in the oil industry. 


Institute Activities 


PLUTO, by 
successfully 
Channel te 
supply petroleum products to Allied forces 
in France. Dr. present is 
doing consulting work for the U. S. Army 
Transportation Corps. Dr. Goldsmith has 
served on the following AIEE Committees 
Marine Transportation (1941-56), Chem- 


development of their 
flexible 
extended 


project 


which pipelines were 


across the English 


Goldsmith at 


ical, Electrochemical, and Electrothermal 


Applications 1947-5 and Petroleum 


Industry (1954-56 


OBITUARIES 


Nicholas John Conrad (AM ’07, F °21, 
Member for Life), former chairman of the 
board of S and C Electric died 
recently in Evanston, Ill. He was 73 vears 
old. Born March 21, 1883, in Port Wash- 
ington, Wis., he graduated from the Uni- 


Company, 


versity of Wisconsin in 1905 with a degree in 


electrical engineering. His initial profes- 
sional position was with the Commonwealth 
Edison Company as a testing engineer In 
1910, Mr. Conrad and E. O 


also with Commonwealth Edison Company 


Schweitzer 


organized their own company, Schweitzet 
and Conrad, Inc., to manufacture a new 
high voltage fuse which they had jointly 
invented \ few years later, Mr. Conra¢ 
left Commonwealth Edison to devote his 
entire time to the management of the new 
company In 1945, he acquired sole control 
of the company, and at that time the name 
was changed to S and C Electric Company 
World War II, Mr. Conrad was 
chairman of The Chicago Advertising Com- 


mission of Naval Officer Procurement for one 


During 


year, as well as Chicago district manager of 
the War Production Board in 1943, and a 
member of the Selective Service Cook 
County Appeal Board from 1943 to 1947 


John Forbes Nash (AM °17, M °26), system 
supervising distribution engineer of 
Electric Power Company, died 
recently. He was 64 years old. Mr. Nash 
was born February 18, 1892, in Bonham, 
Tex. 


\ppa- 


lachian 


He was a graduate of Texas A and M 


1043 





College 


science 


where he received his bachelor of 


degree in electrical engineering 
After graduation, he worked a year for the 


before 


Texas Power and Light Company 
yoing to Schenectady, N. Y 


Electric 


, to take General 


student engineer training After 
serving as a supply officer with the infantry in 
Europe during World War I, he returned to 
General Electric and then became an assis- 
tant professor of electrical engineering at 


Texas A and M of Appa- 


lachian for more than 36 years, he joined the 


An employe 


company as an engineer in Bluefield, W. Va. 
on June 1, 1920. All of his service was 
spent in the Bluefield Division until 1952, 
when he was promoted to system supervising 
distribution engineer, with his office in 
Roanoke, Va. He was a member of the 
West Virginia Society of Professional Engi- 
neers and a registered professional engineer 


of that State 


elec- 


Harry Paul Dupuis (AM ’41, M ’49), 
trical engineer, Commonwealth Associates, 

Jackson, Mich., died recently at the 
age of 61. Mr. Dupuis graduated from the 
University of Wisconsin in 1925 with a 
degree in electrical engineering. He had 


been employed by Commonwealth Asso- 


ciates, Inc 9 and predec essor Companies since 
1927. He was best known for his work in 
fault location along transmission lines. Mr. 
Dupuis was the author of several papers 
presented before the AIEI 


MEMBERSHIP 


Recommended for Transfer 


1 of Exam t its meeting of Sep 
nmended 1¢ l appli 
obj ) ) thes ransiers s 

stitute 


ms 2 t 
a, Lincoln, Net 

D., measurement 

it northwester 
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Ele 


, J. J., electrical engineer, U. S. Army Corps of 
Engineers, Jacksonviile, Fla 

Biggers, B., power sales engineer, Southwestern Publix 
Service Co., Borger, Tex 

Biggs, F. I., engineering manager, Ridgway Div., Elliott 
Co., Ridgway, Pa 

Blaicher, H. E., Jr., district planning engineer, Jersey 
Centrai Power & Light Co., Asbury Park, N. J 

Bosshart, W. R., electrical engineer, Bonneville Power 
Administration, Portland, Ore 
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J. S., director of engineering, Andrew Corp., 
ago, Ill 
M. S., senior distribution engineer, Alabama 
wer Co., Birmingham, Ala 
K. H., project engineer, F. W. Sickles Div., Gen- 
| Instrument Corp., Chicopee, Mass 
ut H. B., distribution engineer, Southwestern Gas 
& Electric Co., DeQueen, Ark 
R electrical engineer, USAF, Arnold 
iineering Development Center, Tenn 
Jr., assistant engineer, Baltimore Gas & 
, Baltimore, Md 
, consultant, Rural Electrification Ad- 
istration, Washington, D. C., 
» equipment engineer, Lamp Div., 
Electric Corp., Bloomfield, N J 
, W. E., assistant engineer, The Cincinnati Gas 
Electric Co., Cincinnati, Ohio 
manager design engineering, General Elec- 
»., Waynesboro, Va 
W. A, 
Service Co., 


i; Kae 


Westing- 


supervising engineer, Southwestern 
Amarillo, Tex 
, engineer, Line Material Co., South 
ec, Wis 
lovich, J. F., staff assistant, Commonwealth 
Edison Co., Chicago, Ill 
sartner, Davis & Robinson, consulting 
Yklahoma City, Okla 
supervisor electromechanical unit, Gen- 
sctric Co., Erie, Pa 
J., chief engineer, germanium power recti- 
, International Rectifier Corp., El Segundo 


L. (Mrs.), physicist, 
tandards, Washington, D. ¢ 
F., engineering & estimating, Federal 
Electric Co., Cleveland, Ohio 
L. M., assistant general zineer, 
ic & Power Co., Savannah, Ga 
H., experimental engineer, Beth 


Nation Bureau 


Burroughs orp., 
*., engineer, Air Arm Div., Westing 
Corp., Baltimore, Md 
, T. R., chief engineer 
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assistant professor of ele 
Hopkins University, 
, senior engineer, Liet 
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adelphia, Pa 
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I nior design engineer, M 
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Kennel, B. W., chief electr engineer, Ei 
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Klein, K. M., engineering program co-ordinator, 
ville Power Administration, Portland, Ore 
Koeppel, B. W., senior research engineer, Seismogray 
Service Corp., ulsa, Okla 


Koll Rd tor, MICAFIL, S. A., Zurich, Switzer- 
ject engineer, Motorola, Inc, Chicago, 


Il 

Kristensen, M. H., 504 David Court, Cheyenne, Wyo 

Landes, I. H., engineer, Con 
Jackson, Mich 

Leibold, C. A., vice-president & electrical engineer, 
Berks Engineering Co., Reading, Pa 

Leimkuhler, E. J., engineer, Baltimore Gas & Electric 
Co., Baltimore, Md 

MacDonald, J. W., estimate engineer, Procon Inc., 
DesPlaines, Ill 

MacLuckie, W. A., electrical engineer, J. J. Henry Co 
Inc., Philadelphia, P. 


monwealth Associates, Inc., 


Institute Activities 


Maenpaa, W. K., 


head, electronic packaging, Gener 
Signal Co ; 


Rochester, N 
E., design engineer, Westinghouse Electr 
Corp., Buffalo, N. Y 
Meadows, J. P., meter superintendent, Southwestern 
Gas & Electric Co., Marshall, Tex 
Medal, E. ¢ engineer, Commonwealth Edison Cx 
Chicago, Ill 
Mitropoulos, T. N., head, electrical laboratory, Simplex 
Wire & Cable Co., Cambridge, Mass. 
Moody, J. E., industrial engineer, Southwestern Gas & 
Electric Co., Shreveport, La 
Petersen, D. P., chief engineer, Allen D. Cardwell Elec- 
tronics Production Corp., Plainville, Conn 
Posey, R. P., application engineer, Honolulu Electri 
Products Co., Ltd., Honolulu, T. I 
Quinlan, R. E., staff engineer, Sandia Corp., Albu- 
querque, N. M 
Rasmussen, A. P., manager, control equipment engineer- 
ing, Westinghouse Electric Corp., Baltimore, Md 
Reynolds, D. J., electronic engineer, Westinghouse Elec- 
tric Corp., Chicago, I 
Rottman, W. J., electronics engineer, Goodyear Ai 
craft Corp., Akron, Ohio 
H. L., project engineer, Duquesne Light Cx 
burgh, Pa 
ino, E. V., electrical senior designer, Chemical 
Construction Corp., New York, N. Y 
Schreiner, W. H., manager, Aiken Electric Cooperative 
Inc., Aiken, S. C 
, C. S., electrical engineer 
Authority Chattanooga, Tenn 
system planning engineer, Ga 
Co., Hull, Que., Can 
C., engineer, naval or 
, Pittsfield, Mass. 
ager Illuminating Div. The Miller 


Tennessee Valley 


ader, G tineau Power 
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y of Kentucky, Lexington, Ky 
l , regional manager, Federal Pacific Elec- 
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AIEE in 
New York University 


THE COLLEGE OF ENGINEERING of New York 
University is one of the oldest and largest in the 
United States. Actual instruction in engineering 
began in September 1855 and the first under- 
graduate degree was awarded in June 1857. 
The first outstanding accomplishment in the field of 
electrical engineering at the University was per- 
formed by Prof. Samuel F. B. Morse, while a 
member of the faculty in 1835, with his invention 
“The Recording Electric Telegraph.” 

The Day Division student branch of AIEE at 
New York University was organized December 5, 
1924. A few years later a separate Evening 
Division student branch was established. For the 
past two consecutive years, 1955-56, New York 
University students have won the First Prize in the 
District No. 3 Student Prize Paper Contest as well 
as winning the 1955 Second Prize in the AIEE 
National Student Prize Paper Contest. 











Compact Operational Amplifier 


Designed for a Table Model Computer 


W. F. OSBORN 


STUDENT MEMBER AIEEF 


THE MANY 
encountered in 


PROBLEMS that are often 
the fields of engineering 
and science are generally approached by 
the method of expressing the problem by 
mathematical symbols and equations. By 
applying mathematical methods that are 
governed by proved theorems, it is possible to 
obtain solutions to the majority of these 
equations without encountering very much 
difficulty; yet there are many equations, the 
solution of which require many hours of com- 
putation. 
which cannot be solved by the ordinary or 
advanced mathematical techniques known 


There are also many equations 


today. 

Because the use of existing mathematical 
techniques either fail or become impractical 
for solving some of the equations encountered, 
other methods of approach have been de- 
vised. One of these methods is the employ- 
ment of electronic devices commonly known 
as computers. 

Text of paper awarded prize in District 7 
Paper Contest 

W. F. Osborn is a student at Texas 
Mining College, College Station, Tex 


NOVEMBER 1956 


It is the purpose of this report to familiarize 
the reader with the fundamentals of a com- 
puter, which was devised for solving differ- 
ential equations, and to introduce a compact 
operational amplifier, which was designed 
to be used in a small table model computer. 
First, analogue computers, in general, will 
be discussed. In order to present to the 
reader the functioning of an analogue com- 
puter a discussion must be made concerning 
the primary circuits of a computer, how they 
are employed, and the techniques used in the 
handling of equations for their solution by 
means of computers. The scope of this 
article has been limited to a computer of the 
analogue type. 


Analogue Computers—General 


[he primary mission of an analogue com- 
puter is to solve differential equations. 
Thus, before beginning the discussion con- 
cerning the 
analogue computer, it is advantageous to 
review certain mathematical relationships 
and also to determine the operations required 


primary components of an 


of the components. 
Of primary interest are differential equa- 
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tions, therefore, first a differential equation 
will be defined. A differential equation is 
said to be any equation that contains differ- 


entials or derivatives. For example 


is a differential equation. A _ differential 
equation may contain one or any number of 
derivatives; these derivatives may be of any 
order. That is, the derivatives may be 
either first, second, third order, etc. 
tion 1 is an example of a second order 
differential equation. 

By integrating twice, it can be shown that 
the solution to equation 1 is the same as the 


solution to equation 2, thus 


5S Sf xdt+2 Sf xdt+3x=0 2 


Assume it is required to solve equation 2 with 


It is apparent that 


Equa- 


an analogue computer. 
the computer must be capable of performing 
the operations of addition, multiplication, 
he analogue computer is 


It is capable of perform- 


and integration. 
just such a device. 
ing the fundamental operations of addition, 
multiplication, differentiation, and integra- 
tion, etc., of slowly varying voltages These 
voltages vary with respect to time in the same 
fashion as a mathematical function varies 
with respect to the independent variable 
[he analogy which exists between the volt- 
ages in the machine and the mathematical 
functions was responsible for naming this 
type of computer an analogue computer. 
*<differ- 


synthe- 


(A more desirable name would be 


ential analyzer’ or “integrating 
sizer.”’ ) 

Before proceeding, it must be noted 
the functions of the equations are 1 
by voltages 


sented in the computer 
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example, the equation /(x)+g(x) can be 
represented in the computer by the voltages, 
F Also, it must be noted that all 
voltages and currents referred to, hereafter, 


that is, e and i 


Twit). 


are dependent upon time; 
should be written either e(¢) or 7(t). In the 
following equations, the (¢) has been dropped 
for clarity 

he primary component of an analogue 
referred to as 


computer is a d-c amplifier, 


an operational amplifier An operational 
amplifier, combined with different imped- 
operations of addition, 


ances, performs the 








B 


Fig. 1(A) used to 


multiply a function by a 


Operational amplifier 
constant. Fig. 1(B). 


Symbol. 


multiplication by a constant, differentiation, 


and integration 
Ihe operation of differentiation will not be 
when tne 


discussed, for 


operation of differ- 


entiation performed by an _ operational 


amplifier many errors are introduced that 


normally render the solution unusable. 


Amplifier Used to Multiply 


an operational amplifie1 
a function by a constant is 
\), where ¢; is the input 
R;and 


resistances, 1 is a d-c amplifier 


is the output voltage 


Che relationship between the 


and 


~ Le) 


I 


the output voltage e» is 





' 
[' 
i 


B 


Operational amplifier 
Fig. 2(B). Symbol. 


Fig. 2(A). used as an 


“adder.” 
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given to a very close approximation by 


equation 3. 
R, 
R 


The symbol indicating an _ operational 
amplifier used to multiply a function by a 
constant is given in Fig. 1(B). The number 
10 contained within the symbol indicates the 
constant by which the applied input voltage 
is multiplied. For example, if a voltage 


equal to f(x) were applied at the input, then 


Ly f 





Fig. 3(A). 
integrator. 


Operational amplifier used as an 


Fig. 3(B). Symbol. 


a voltage equal to —10f(x) would appear at 
the output. Note that the input voltage and 
the output voltage are 180 degrees out of 
phase. This is true, independent of the 
operation that is performed on the applied 
function, whether it be integrated, etc. In 
other words, when a function passes through 
an operational amplifier its sign is changed 

3 that the 
multiplying constant is dependent upon the 
values of Ry and R;. 


stant 10 is desired, then it is possible to obtain 


It is apparent from equation 
For example, if a con- 


this value by making Ry equal to 1 megohm 
and R; equal to 100,000 ohms. 


Amplifier as “Adder” 


When an operational amplifier is used to 
add several voltages, it is referred to as an 
Ihe circuit of an adder is given in 
are the input 


**adder.”’ 

Fig. 2(A); 
voltages, and éo is the output voltage. {isa 
d-c amplifier of gain A and R;, Re, R;, and R, 
The relationship be- 
tween the input output 
voltage is given to a very close approximation 


where ¢), ¢2, and e3 


are pure resistances. 
voltages and the 
by equation 4. 
R, R, 
— aT ¢ 
R Rz 
used to indicate an adder is 


2(B). 


contained within the symbol indicate the 


The symbol 


riven in Fig [he numbers 10, 5, and 


constants by which the applied voltages are 
multiplied. 
tion 4 that 
upon the values of R;, Re, Rs, 


equal to the function 


It can be observed from equa- 
these constants are dependent 
and Ry. Ifa 
f(x) 


voltage were 
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applied to input number 1, etc., and if the 
constants are as indicated in Fig. 2(B), then 
the output voltage would equal —10f;(*«)— 
5 —2f3(x). Any number of input volt- 
ages may be applied to an adder, but nor- 


Sfol x 


mally no more than five to seven input volt- 
ages are applied at any one time. 


Amplifier Used as Integrator 


When 
integrate a function it is referred to as an 
he circuit of an integrator is 


an operational amplifier is used to 


integrator. 

given in Fig. 3(A), where e; is the input 
is the output voltage, and A is an 
gain A. R and C are 
resistance and a pure capacitance, respec- 
The relationship between the input 


voltage, €2 
amplifier of pure 
tively 
and output voltages is given to a very clos 


approximation by equation 5, 


he symbol indicating an integrator is given 
in Fig. 3(B). As 
included in the symbol indicates the multi- 
It is apparent from equa- 


before, the number 
plying constant. 
tion 5 that the multiplying 
dependent upon 1/RC. If a constant of 2 is 
obtained by 


constant is 
desired, it may be making R 
equal to 500,000 ohms, and C equal to 1.0 


microfarad. 


Fig. 4. Function multiplier symbol. 


From equation 5, note that the input volt- 
age is integrated with respect to time; there- 
fore, all differential equations solved by 
analogue computers must be written with 
their with respect to 


time. 


derivatives varying 
For example, if asked to solve equa- 


tion 6 using a computer, let x =¢ and rewrite 


R 
Oo 


Fig. 5(A). Function generator output. Fig. 5(B) 


Schematic design. 
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the equation quation is the new equa- 


tion: 


With the circuits previously mentioned it 
is impossible to multiply a function of time 
by another function of time. This is often 
necessary in solving differential equations. 


For example, to solve Bessel’s equation 


it is necessary to multiply the functions of 


time ¢ and / by other function of time, mainly, 


atl belle 


Fig. 6. Amplifier, showing output. 


[*y/dt*, dy/dt, 
of multiplication can be performed, it is also 
and 


and y. Before this operation 
necessary to generate the functions 
Cherefore, it is necessary to have components 
that will generate functions and multiply 
functions of time. The circuits used to per- 
form these operations are too ¢ omplex to be 
described in this article, therefore, only a 
short explanation of each will be included 


Function Multipliers 


A function multiplier is an electronic de- 


vice capable of multiplying one function 


dependent upon time multiplied by anothe1 


function dependent upon time, For ex- 


Fig. 7. 
output of “adder.” 


Amplifier, showing 


ample, a function multiplier would be em- 


ployed in a computer to multiply @ times a?y 
> 


it? to obtain f? d*y/dt?. Schematically, a func 

tion multiplier is indicated by the symbol in 
Fig. 4, where f;(¢) is the function applied to 
input number one, f2(/) is the function ap- 
plied toinput number two, and f,(¢) times 
If —f,(t) 


t) were applied 


f(t) is the output were applied 
to input number one and / 
to input number two, then —/;(¢)fo(¢) would 
Many 


are designed so that the sign of th 


appear at the output multipliers 
output 
may be chosen either negative or positive, 


independent of the signs of the inputs 


Function Generators 


\ function generator is an electronic de- 
vice, capable of producing an output voltage 
that is some desired function of time or of 
some other function \ very common type 
of function generator approximates a func- 
tion by straight lines his may be more 
clearly understood by reference to Fig. 5(A 
Ihe smooth continuous curve is the desired 
function; the series of short straight lines is 
the actual function generated. Thus, it can 
be seen that this type of function generated 
introduces a certain amount of error caused 
by the approximation. 

Another 


generators is that the 


limitation of many function 


function produced 


must be either monotonic increasing o1 


monotonic decreasing Chat is, the function 
must either start at some minimum value 
and continually increase or, if the function is 
monotonic decreasing, it must start at some 
maximum value and continually decrease 
Although function generators have certain 
limitations, almost all desired functions may 
be generated without encountering very 
much difficulty 
Schematically a function generator 
represented as shown in Fig. 5(B 
output of a function generator may be eithe1 
negative or positive, whichever is desired 


Some of the more advanced multipliers are 


Fig. 8. 
output of integrators. 


Amplifier, showing 
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capable of generating some functions 


tions 


most common are exponential func 


By employing > pre 


VIO isly II n 
components in analogue computer 
| ible of solving. in general, the most 


cated differential equations The 


adds bus dle 


Fig. 9. Output of amplifier 


function 


Fig. 10. 
multiplier. 


Output of generator and 


complexity of the equations that can _ be 


solved employing analogue computers is 
dependent upon the number of operational 
amplifiers available, the number of 
pliers available, and the types of functions 
that need to be generated 

In the 


assumed that there are sufficient « pe 


following discussion it 


amplifiers and multipliers available 


also, that any necessary functions mi: 


generated It will also be assumed that 


sign of the output of the multipliers may 


j 


either negative or positive, is 1s desire¢ 


Techniques Applied 


he proced ire used to pre 
ential equation for solution by 
computer is | ) write the equati 


differentials 
) 


derivatives or 


respect to time solve the 


the highest order derivative 


schematically represent the 
computer language Assume tl 


tion 


1 employing 


0 { 
i 
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Now solve equation 12 for the highest order 
lerivative, or 


(13) 


0 —O.1x 


If we assume that a voltage proportional to ¢ 
is present at some point P in the machine, 
is shown in Fig. 6, then this voltage may be 


ig. 


ifs di 


Fig. 11. Output of multiplier. 


change in sign 
If x 
the 


integrated once to obtain 


always present) and twice to obtain x. 


and are applied to an adder with 
proper multiplying constants of 0.1 and 0.5, 

the output 
-(). 1x, 


ompanies 


respectively, as shown in Fig 
adde be 0.52 


hange in sign act 


where 
the 


yf the 


would 
igain a ¢ 
yperation 

It is noticed that the output voltage of the 
adder is by equation 13 equal to #, therefore, 
we must satisfy the differential equation by 
connecting the output of the adder to point 


* was assumed to exist 


Initial Conditions 

A and x(0 B 
charging the 

that the 

outputs of inte- 


The initial conditions z(0 


are forced into the circuit by 


integrating Capacitors at {=V, so 
voltages appearing at the 
grators 1 and 2 are Band A volts, respectively 
and So, 


As soon 


This is done by closing switches S, 


shown in Fig. 8, momentarily. 


$, and S2 are opened, the solution of th 


differential equation, with the proper initial 


conditions, will appear at the output of in- 


tegrator Inasmuch as this solution ap- 


the form of a voltage, it may be 


recorded on an oscillograph or viewed in an 


pears in 


ose illoscope 
It is also noticed that the equation ¢ ould be 
different 


inging the 


solved conditions by 
and B. By 


uation 


initial 
voltage { 
gains of the adde the « 
different 


and Phis 


with 
merely ch 
changing 


could be solved for values of the 


coefficients of property ol 


sily changing initial nditions and co- 





efficients make the analogue computer a 
very useful tool for exploratory work, such as 
optimizing or minimizing solutions by trial 
and error. 

Because equation 9 is relatively easy to 
solve using ordinary mathematical tech- 
niques, a more complex equation will be 
discussed in order to show how functioning 
generators and multipliers are employed in 
analogue computers. Also, the true value of 
analogue computers will be better under- 
stood. Assume that Bessel’s equation 


9 
o f2y 
T o"y 


dt 


(14) 


solved with the initial conditions of 
A and »(0)=B, Let 


Thus, equation 14 becomes 


y+tyt+ty=0 (17) 
Then, as before, solve the equation for the 
highest order derivative, thus: 
—t-y—y (18) 

If we assume that a voltage proportional 
to jj is present at some point P, as shown in 
Fig. 9, then this voltage may be integrated 
once to obtain —y, and twice to obtain y. 
Note the change in signs.) If a voltage 
equal to —?¢~' is now generated by a function 
generator and applied to one of the inputs of a 
multiplier, and the voltage equal to —7 is 
applied to the other input of the multiplier, 
as is shown in Fig. 10, then a voltage equal to 
will appear at the output of the multi- 
plier. Now, if the voltage equal to t~'y is 
applied to the other input of the adder, as 
11, and if both inputs have a 
gain of then a 
t-'y—y will appear at the output of the 
adder equation 18, that 
t-'y—y equals gy; therefore, the output 
voltage of the adder is applied to point P 


shown in Fig 


unity, voltage equal to 


From observe 


where the voltage 7 was assumed to exist. 
Thus, the differential equation is satisfied. 


Fig. 12. 
diagram of amplifier. 


Complete schematic 








Electrical Engineering Education 


Education 


A complete schematical representation of 
this circuit is given in Fig. 12. 

The initial conditions may be satisfied by 
closing the switches, S; and $2, shown in Fig. 
12, momentarily. Inasmuch as y is the 
solution to the differential equation, the 

















Fig. Solution of the equation. 


voltage equal to y may be recorded, 
previously mentioned. 


Evaluation of Results 


Io demonstrate the method used for 
evaluating results of a solution of a differ- 
ential equation obtained from an analogue 


computer, the equation 
(19 


has been solved analytically and by an 
analogue computer. The analytical solution 
of equation 19, which was obtained employ- 


ing the method of symbolic operators is 


2 a a is 
oes 1 cos 2.3¢+¢2 sin 2.3¢) (20 


where C; and C: are dependent upon the 
initial conditions. Equation 19 was solved 
by an analogue computer with the initial 


conditions of 


20 volts 


0 0 volts (22 


Therefore, C,=8.8, and by substitution, 


equation 20 becomes 

e~°61(/8.8 sin 2.3¢ 23 

he solution of equation 19, obtained from 
the computer, is shown in Fig. 13. The 
lower plot is the solution to equation 19, and 
the upper plot is the first derivative of the 
solution. The evenly spaced marks at the 
lower edge of the figure are time marks of 1 
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second interval. 
to a scale of 0.8 cm=5 volts. The first 
derivative was plotted to a scale of 0.8 cm 


he solution was plotted 














Fig. 14. 
amplifier. 


Schematic of a compact operational 


10 volts. 
apart. 
In order to show that the computer solu- 
tion is the same as the analytical solution, 
notice that for ¢= 
fourth of the period, the computer solution 


Ihe time marks are spaced 5 mm 


9.68 second, which is one 


7.5 volts, and the analytical] solution 
7.4 volts 


gives 
analytical 
solutions correspond to computer results 
Now that the fundamentals of an analogue 
computer has been presented, a compact 


gives Several other 


operational amplifier suitable for table model 
type computers will be presented 


A Compact Operational Amplifier 


In order to be used in a table model com- 
puter, an operational amplifier must be of 
relative small size, consume smal] quantities 
of power, and have a minimum of drift 
[he amplifier described herein is an amplifier 
that meets these requirements Also, it is a 
very inexpensive amplifier 

The over-all size of the amplifier not 
including the filament transformer is ap- 
proximately 33!/,.X4 inches. It requires 
17.5 milliamperes, and a 
+300 volts 


a maximum of 


voltage supply of Che over-all 
circuit requires two miniature tubes, two 2- 
watt potentiometers, one 


two 1-watt 


10-watt 
three 1 
The over-all cost, excluding the 


resistor, 
resistors, and 2-watt 
resistors, 
filament transformer, is approximately seven 
dollars. 

[he circuit of the amplifier is given in 
Fig. 14. The output of this 
amplifier is approximately +62.5 


maximum 
volts 
(peak to peak) without developing appre- 
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ciable distortion. The drift over a period of 


a few minutes is negligible. The frequency 
response without feedback is excellent up toa 
50,000 cps. The minimum 
load which may be applied to this amplifier 
is 15,000 ohms. The gain of the amplifier is 
approximately 2,500. 

It is the author’s belief that this amplifier 
is excellent for use in a table model computer 
where an accuracy of 5 per cent is sufficient 
It also has occurred to the author that this 
amplifier would be excellent in a computer 
where a considerable number of amplifiers 


frequency of 


could be employed to solve problems in the 
following manner. 

Because any function can be approximated 
by the Fourier series, which is 


fs e+ Ay, sin wi+ Ay? sin 2wt4 


B, cos wt+ Bs cos 2wt-+ 24 


and because the first three sine and cosine 
terms plus Ao will normally give a close 
approximation to general functions, and 
because either the sine or cosine terms can 
be generated employing three operational 
amplifiers per term, then a function could 
be closely approximated using 18 operational 
With this method 
the need for a function generator would be 
eliminated. 


amplifiers. employed, 
Therefore, an analogue com- 
puter could be built employing several op- 
erational amplifiers and one function multi- 


plier. It is the author’s belief that this 
type of computer would be excellent for 


exploratory work, 


Conclusion 


From the text of this report it can be con- 
cluded that an analogue computer is cap- 
j 


able of solving any ordinary differentia 


equation of any degree or order, provided 
there are a sufficient number of operational 
amplifiers, function multipliers, and function 
generators available and, also, provided the 
function generators are capable of generating 
Although it has 
not been dis« ussed, computers of the analogue 


the required functions 
type are capable of solving simultaneous 
differential equations and partial differential 
equations, if real 
Partial 


employing a method of approximation 


essential 


time is not 
differential equations ar 
It is recommended that those 

in analogue computers refer 
listed in the bibliography wi 
thorough understanding of the proofs ar 
relative error of each individual component 
can be of great value to those persons wh 


are interested in analogue computers 
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engineering education today faces a double 
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inderstanding « ne underlie 
practice of engineering 1 to an ability 
face new problems; and 
second, to de students and the public 
that proper education in science and engi- 
neering may well turn out to be the most 
liberal education of our tim«e 
Abl youne men and women who study 


nce ind ] 


engineering must be convinced 
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t learning ind that this means, for each 
ndividual, the dynamic development of a 
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Receive Special Courses 


demand for technical 
Allis-Chalmer Manufacturing 
Company \-( has inaugurated a new 
three-1 


lo meet the growing 


personnel 


nonth company-wide training pro- 


Churchill, 


training supervisor for the 


gram under the direction of F. W 
drafting firm’s 
Power Equipment Division. 

High School graduates selected on the 
basis of technical aptitudes constitute the 
first class. Sixteen phases have been set up 


to cover the three-month program. These 


include company 


plant and 


organization, products, 


office arrangement, company 
procedures and department functions, engi- 
neering mathematics, blueprint reading, 
curve plotting, and shop sketching. 

Others are drafting and engineering stand- 
ards, industrial testing, cost analysis, human 
relations, basic electricity, office machines, 
communications, and business English. 

Augmenting lectures and required reading 
are movies, slides, models, exhibits, and ex- 
periments 

Upon completion of the course, the 
will be 
selection in departments that use technical 


pe rsonne ] 


men 
assigned for final training and job 
It is anticipated that their duties 
there will enable fully trained engineers to 
intensively to the 


devote themselves more 


more critical problems of their profession. 


A-C Network Analyzer Board 
Installed at University of Missouri 


Che department of electrical engineering 
of the University of Missouri, Columbia, Mo., 
has announced the opening of power system 
analyzer service to electric utilities, engineer- 
ing organizations, and other industries. 

rhe installation of an a-c network analyze 
board at the University has been made 
possible by contributions from the following 
industrial organizations 
State of Missouri: Arkansas-Missouri Power 
Company, Blythesville, Ark. ; Central Electric 
Co-operative, Jefferson City, Mo 
District Electric Joplin, 
Mo.; Kansas City Power and Light Com- 
Kansas City, Mo.; M. and A. Electric 
Bluff, Mo.; 
Missouri Public Service Company, Warrens- 
burg, Mo Utilities Company, 

ape Girardeau, Mo.; Saint Joseph Light 
Saint Joseph, Mo 
and Sverdrup and Parcel, Inc., Saint Louis, 


Mo 


I'wo other organizations made donations 


operating in the 


Power 
Empire Company, 
pany, 
Power ( 


Poplar 


x )- Oper ative, 
Missouri 


ind Power Company, 


toward the purchase of the analyzer board: 
\. B Centralia, Mo., 
and Union Electric Company of Missouri, 
Saint Louis, Mo 


The board will be available for service to 
20 


Chance Foundation, 


approximately 
During the balance of the 


any industrial concern 
weeks of the year 
time, it will be used by the aforementioned 
contributor companies for system studies and 
by the University of Missouri for educational 
ind research activities 

The 18 generator Westinghouse a-c net- 
work analyzer board is equipped with some 


of the most recent technical developments, 


Electrical Engineering Education 


including automatic scale selector and watt 
regulators. Six of the 18 


equipped with watt regulators which keep 


generators are 


he power output from these generators con- 
stant regardless of changes made in the rest 
of the system. The automatic scale selector 
enables the operator to make readings with- 
out the necessity of manually changing scales, 
lights indicating the 


proper scale to read 


Circuit metering selector equipment en- 


ill parts of the 
analyzer from the operator’s desk 


ables the operator to meter 
plot- 
ting table with space for 400 circuits is used 
to permit accurate and fast recording of data 
The a- 
ope rated 


network analyzer board will be 


under regulations and _ policies 


formulated by an advisory committee con- 


sisting of one representative appointed by 
each of the contributing companies and three 
representatives of the University The 
latter members will be the dean of the Col- 
lege of Engineering, the chairman of the 
electrical engineering department, and the 
supervisor of the analyzer. Prof. J. C. Hogan, 
associate professor of electrical engineering, 
will act as supervisor of the 


gram Prof. J. R. Tudor, 


of electrical engineering, will act as associate 


analyzer pro- 


assistant professor 


supery 1ISOT 
network analyzer 
Missouri will 


engineering 


The location of the a-« 
board at the University of 


provide a_ centrally located 
service tO many 
Midwest 


In providing this service, the department 


companies located in the 


of electrical engineering expects to promote 


closer relationships between engineers in 


industry, members of the engineering faculty, 
and students who are interested in power sys- 
tem engineering Both undergraduate and 
graduate students will have the opportunity 
to become more closely acquainted with 
the practical problems of power transmission 
and modern methods of solution [he inter- 
change of ideas between practicing engineers, 
and students will stimulat« 


faculty, interest 


in the power field among the students and 
will foster discussion of important problems 
which may be of mutual benefit to industry 


and the College of Engineering 


Information concerning the scheduling 
of service time and other details of operation 
of the a-c network analyzer may be obtained 
by writing to the Supervisor of the Network 


Board, Electrical 


University of olum- 


Analyzer Department of 


Engineering, Missour 


bia, Mo 


Professional Aides Trained in 
Engineering Secretarial Course 


An engineering secretarial] course, a unique 
educational program inaugurated last year 
by the Business Training College, Pittsburgh, 
Pa., is fast proving to be an aid to the busy 
professional engineer. 

As soon as the program was initiated the 
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Electrical 


\ mie su aot 


Mrs. Phyllis 
calls from the engineering profession for the 


dean, Davis, received many 


college’s graduates. However, the course is 
of two years duration and the 
will not be until 

It is the purpose of the 
young men and women the 
that will enable 
to the 
have the time to concern himself with details 
that could be 


understands his language 


first graduates 
available June 1957 

college to give 
type of training 
them to be of very great as- 


sistance busy engineer who does not 


handled by a secretary who 


The Business Training ollege has be- 
famous for training professional secre- 


l field, 


been very well 


come 


taries in the medica and graduates of 


this course have accepted be- 


cause they have been given sufficient medical 


background to cope with the professional 


terminology involved in medical secretarial 


assignments The college planned the engi- 


neering course the same way namely, to 


give the students a scientific background in 
addition to the secretarial skills such as short- 
hand typing. The 


include 


and background sub- 


jects chemistry, physics, advanced 


mathematics, and the terminology of the 
various fields of engineering. In addition, 


an intensive course in filing and blue print 


eading, with the use of the varityper, is pro- 
vided. 

I'he college realizes that for professional 
training it is most important to select students 
who have not only an interest in the field, but 
and intellec- 


also the innate ability, aptitudes, 


tual curiosity necessary for scientific 


Therefore, all 


course are 


proles- 


sional training. prospective 


candidates for the given a series 
On the 


high school record, 


of tests for admission basis of the 


test results and the only 


those students are accepted who have the 


qualifications to be successful 


The young man or young woman who 


is interested in an engineering career but 
who has been unable to spend four or five 


years in college finds through this new pro- 


fessional course an opportunity to become 


an associate and assistant as well as a secre- 


tary to the engineer. 


Test Equipment Research and 
Development Studied at NYU 


[he Department of Defense has established 
New York University 


for monitoring research and develop- 


a national center at 
(NYU) 
ment on electronic test equipment, it was an- 
recently by Dr. H. K. Work, 
Research Division of the 
College of Engineering 

4 team of NYU research engineers will 
serve as the staff for the Test 
Equipment Co-ordination Group, 
of the Office of the 
Defense for Research and Development 

The NY 
research and development throughout the 
and the 


nounced 
director of the 


Electronic 
an agency 
Assistant Secretary of 


team will study test equipment 


electronics industry armed services. 
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Other tasks include providing technical 
assistance for analysis and evaluation of pro- 
posed and current electronic test equipment 
attention to new laboratory 
trends in the United 


worth full 


projects; calling 
advances and scientific 
States and 


development; 


abroad that may be 


anticipating future needs for 


certain equipment and initiating research to 


meet those needs; and ending unnecessary 


duplication of effort by reporting on indus- 
trial and service-wide developments 

lest equipment is one of the largest single 
It is 
sometimes more complex and costly than the 


areas in the electronics industry 
end-item it serves. 

lest 
built for a few 


volt 
multimillion- 


quipment includes meters 


dollars, and 
dollar instrument ranges for guided missiles. 
It also is used in nearly 
search field The 


test device is the 


every scientific re- 
most common electronic 
cathode ray oscilloscope 


changes in electric 


that shows on a screen 
voltage It 
ranging from acoustics to zoology 

According to D. M 
neering 


current or is used in reseat 


NYU engi- 


new 


Goodman, 


scientist who directs the pro- 


ram, the electronic test equipment industry 
has grown more annually 
since 1947 


$150 


than 15 per cent 


Its total] sales in 1955 were more 


than million [The average annual 


growth for American industry in general has 
been from 3 to 4 per cent 

He stated that the 
NYU arose to fill the 


active 


current program at 


need for a central 


repository of information on today’s 


rapid developments in electronic test equip- 


ment The armed continually 


services, 
buying equipment and initiating research on 


equipment to serve new tasks, will find such 
a clearing-house particularly helpful 

NYU’s contract is with the Navy 
of Ships, acting for all the 
services 

his marks the 
co-ordination group in the NYl 
Research Since 1949, 
members have mad 
Department of Defense 
Electron 


Bureau 
which is armed 


second major electroni 
Engineering 
NYU staff 
ip the secretariat for the 
Advisory 


monitor 


Division. 


Group on 


Tubes they develop- 


ments in the tube and transistor field \ 
third 


tronic 


major group, concerned with 


parts, is at the University of Pennsyl- 
vania. 


NYU research engineers 


research and development on severa 


also have lon 
l pieces 
of advanced test equipment in recent years 
These 
for measuring power in the frequency 
from 100 ke to 10 me, a 


pedance 


include a transmission measuring set 
range 
microwave im- 
bridge to measure and automati- 


cally display complex impedances over a 


broad frequency uency 


seeking 


crystal measuring devices 


range, radio freq 


signal receivers, and piezo-electri 
The new team has started a 
available 


they will divide 


compre- 


hensive study of all commercial 


test equipment. Later, into 


five working groups for the following classes 


of equipment: power and impedance meas- 


Engineering Educat 


ef LL 


Ww 


mal Ul 
HEL 


| | | 
| | 


UUUUUUUUW 


ing Irequency time ind 


asuring; signal generating 
rent measuring; and mis¢ 
The team also will com; 


formation index 


according 
categories and cross-index« 
range 1- { and = 1,0 
frequency 
ultrasoni 
iration 

structures, or 
systems 

Dhey will di 
industry, resez laboraton 
and nonmilitary Government 
foreign technical 
technical and 


mestic and 
scientific ni 
When neces 


group itself will do equipment 


personal visits 


AEC Approves Loan of 
Uranium to Four More Schools 


The Atomic 


has approved fou 


Energy Comm 
loans, each of 
ranium metal, | 
Institute of 
Atlanta, Ga.; the University 
ollege Park, Md Cornell 
Ithaca, N. Y.; and Yale 
Haven, Conn The ur 


sources will be 


sources, tor Georgia 


used subcriti 


raining of nuc lear engineers 


subcritical assembly consists 
angement of uranium rods in a mod 


such as zraphite or ordinary water 


the neutron introduced 


source 1S 
fission is p oduced, but the re 
be sustained without the pre 


neutron source 


Such assemblies do not requit 


plex control mechanism, expensi 


or neat removal equipment ot 


actors, and may be used for many laborato 


exercises 1n nuc le ir eng 


ineering 


Phe 5,500 pounds (2,500 


ranium metal to be loaned « 


will be in the form of rod 


aluminum [his brings to 12 


loans of this type to nonprof 
institutions Loans have already 
proved for Alabama Polytechnic 
New York University, | 
Virginia 
chusetts Institute of 
ollege of New York 


and Stanford University 


niversity 
Polytechnic Institute 
Technolog. 


lowa 


[The Commission for 


supplying certain materi 
a use-cl 
vailability 
rmination that 
Commission s 
lating the curre 


ientists and engine¢ 
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f 


Picture-Phone Uses 


Ordinary Telephone Wires 


A TELEPHONE that 


sound has 


transmits pictures 


along with taken a big step 


feasibility, Bell Tele- 


phone Laboratories have announced 


towards commercial 


Scientists and engineers at the Bell Sys- 
tem’s research and development organization 
lave used an experimental “Picture-phone”’ 
transmit recognizable 


stem to pictures 


yver short and long distances, even as far 


is from New York, N. ¥ 


Cali 


to Los Angeles, 


Experimental pictures var in size from 
x24 inches to 2 hes, and are 
viewed from one to two feet away Unlike 


television, a new picture is displayed every 


seconds It has good black-and-white 


yntrast and the person ; he other end of 


ie line is recognizable Head and shoulders 


can be seen and facial expressions are readily 


apparent 
[he picture-phone described is the first 
ystem of its kind to use a pair of ordinary 


telephone wires This is what gives it 


promise of being commercially feasible 


Only one other line, consisting of a pair of 
wires like the regular telephone line, would 
be installed on the customer’s premises to 
carry the picture 

It will be possible for a caller’s picture to 


} 


be ‘‘dialed” like an ordinary telephone call, 


provided the switch on the picture equipment 
If the 
off, the telephone call will be 


is turned on at both ends of the line. 
switches ar 
completed without 


pictures. The picture 


can also be turned on after a conversation 
is under way. It would be impossible for a 
customer to be seen by the caller unless he 
flipped on the switch 

differs from 


The Picture-phone system 


television in this way: television sends 30 
pictures a second and uses high frequencies 
which require relatively expensive coaxial 
cable and microwave radio relay systems, 
and provide an extremely detailed picture of 


a large scene Che Picture-phone sends a 
smaller and less detailed picture every two 
seconds. The fact that this image can be 


transmitted over standard low-frequency 
telephone channels makes it possible to use 
ordinary telephone wires, like those running 
to the homes of telephone customers. 

[he picture equipment is still undergoing 
development and evaluation and is not ready 


There 


are several experimental units, different in 


for manufacture or commercial use. 


size and appearance, but they operate on the 


same basic principles. Engineers believe 
that a system based on these principles can 
eventually overcome the cost barrier. 


[he Picture-phone, after further develop- 


Of Current Interest 


INTEREST 


ment, could be offered as a separate, optional 
telephone _ service [he unit would be 
made much more compact than the present 
experimental apparatus. 

One of the experimental Picture-phones 
as it has been operated in the laboratory uses 
a miniature television camera mounted on a 


desk. 
rates the camera into the same unit as the 


Another experimental unit incorpo- 
screen. Instead of the bright lights required 
ona TV stage, the Picture-phone will require 
only the natural daylight ordinarily avail- 
able in a bright room, or moderate amounts 
of artificial light. 

picture viewing 


Present apparatus is 


about the size of a small suitcase. Bell 
engineers expect to reduce the size drasti- 
cally. Associated picture transmitting and 


receiving equipment must also undergo 


further development and design work. 


Background 


Operation of the picture-phone system 
has been made possible by slowing down the 
rate of transmission of picture information 
to such an extent that the required band- 
width can easily be handled by conventional 
The raster 


telephone circuits. is made up 


of 60 lines, each of which may have a 


maximum of 40 dots. Thus, each complete 
frame may be thought of as being made up 
of 2,400 dots. 


mitted each second, an over-all bandwidth of 


If a single frame were trans- 


1,200 cycles per second would be necessary. 
With the 
picture is transmitted 


present system, one complete 


every two seconds, 
requiring a bandwidth of 600 cycles per 
second 


This 600-cycle video band contains very 
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low-frequency components which might 
suffer undue attenuation during trans- 
mission over phone lines. ‘Therefore, a 
carrier scheme is employed in which the 
video signal amplitude-modulates a 1,200- 
cycle carrier he transmitted intelligence 
is then a conventional amplitude-modulated 
double-sideband signal with a frequency 
range of 600 to 1,800 cps. This signal lies 
within the range of optimum transmission 
treated 


{ 


of telephone lines, and can be 


exactly like a voice signal. It can be passed 
through repeaters, and transmitted via 
microwaves, coaxial cable, twisted pair, ot 
open wire lines. 

An analysis of the over-all system can best 
be made by referring to the block diagram 
Chis diagram outlines one possible line-up 
of components which has been tested experi- 
mentally. 

4 conventional television camera 
type employed in . industrial television 
systems is indicated [his camera contains 
a Vidicon tube and the necessary horizontal 
and vertical sweep circuits for producing a 
} 


raster. These, circuits are so adjusted that 


the 60-line raster mentioned is obtained, 
with one complete scan irring every 
second 
Because the transmitted picture repetition 
rate is only one every two seconds, a total of 
+) scans is available in the 2-second interval 
One of these scans bitraril lected 
and the remaining 39 a: inused 
information in this scan is recorded 
agnetic drum which is rotating at a speed 
20 revolutions per second All of the 
picture information for a single frame is thus 


recorded on a single rotation of the drum, 
By means of suitable gating and timing 
circuits, this stored l nation is then 
picked off the drum at ; he te at which 
it was recorded Thus, by the time it has 
turned 40 revolutions (an interval of two 
seconds), all the information from a 
an has been passed on to the modulator, 
and tl 
the next picture 


1e drum is erased and ma 
At this point 
synchronizing data are combined 
signal to be transmitted. Sucl 
added in much the same manne 
chronizing information is combined with a 
conventional television signal 
It is possible to take advantage of the 
storage properties of the camera tube itself, 
and thus eliminate the magnetic drum 
memory system. By means of a suitable 
shutter arrangement, the image tube can be 
made to receive a momentary image once 
every two seconds, and then the whole two 
seconds used for the scanning procedure 
he signal thus derived can be sent directly 


} 


to the modulator. Sufficient experience has 


been gained with this technique to indicat 
that it is feasible. 
Conventional modulating and demodulat- 


ing techniques of the type used in telephoto 





equipment are employed in the system At 
the receiver, the synchronizing information 


] j 


is removed from the signal, and used to 


control suitable horizontal and _ vertical 


sweep circuits. The remaining pictur 
information is then presented to a suita 
display medium which, in the case of 
block diagram, is a pair of Iatron dit 
view storage tubes 

[he Iatron presently being used is a 
recently developed commercially available 
electrostatic storage type of tube which uses 
deflection. It has an inner 


screen just behind the fluorescent coating o1 


electrostatic 


which a picture may be stored by means of 
an electron gun and _ suitable scannin 
circuits. During this storing process, the 
face of the tube remains dark Once the 
picture is stored, it may be made visible by 
means of a flood of electrons provided by a 
second electron gun. ‘The picture will last 
for several minutes, if desired, and may be 
erased at will by applying a suitable potential 
to one of the electrodes. 

As can be seen from the block diagram, 
the present equipment employs two Iatrons 
placed at right angles to each other, with’a 
half-silvered mirror located as shown 
hus, the viewer can see the image on eithe 
of the tubes when the other one is dark 
The technique is to write the information on 
one tube while the other is being viewed, 
and then to switch over so that a new pictur 
is written onto the second tube while the 
first is being viewed. Since each picture 
appears for two seconds, the viewer sees a 
picture change every two seconds 

An alternative receiving arrangement 
which has been successfully tested is a com- 
bination of a magnetic drum storage systen 
and an ordinary cathode-ray tube of small 
size [The drum memory system stores tl 
incoming picture information, and 
feeds it to the cathode-ray tube. 


magnetic drums are necessary so that one is 


storing information from the telephone line 


while the other is feeding information fron 
the previous scan to the picture tube This 
arrangement is essentially the reverse of the 
magnetic storage system employed in one 
version of the transmitter. 

Still another receiving system which is 
being investigated is the use of a facsimile- 
type recorder that prints the pictu on a 
small strip of paper, one every two seconds 
Brightness is then limited only by the illumi- 
nation on the picture once it appears on the 
strip, and a pi ism arrangement can be 
employed for viewing purposes so that to the 
viewer the image remains stationary for tl 
full two seconds even though the 
paper is moving. This system |! 
added advantage that the pictures 
permanent record for future referenc« 


Future Developments 


In present form, equipment 





BLOCK DIAGRAM outlines one possible line-up of components. 
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Future Meetings of Other Societies 


Pennsylvania Electric Association, 


Meeti 


nnual Instrumentation Conference, 


ber School of F I 


rineering, Louisia 


A 
Institute, Ruston, La 


ISA, Symposium on Process Data Logging, 
November 8 Bellevue-Stratf Hot 
PI 


iladelphi 


SFSA, 11th Anz 
Carter Hotel, 


American Petroleum Institute, N 
2 | 


15, Conrad Hilton Hotel, ¢ Ag 

National Industrial Development Exposition, 
he ( eum. Ne \ N ¥ 

NEMA, November 

Atlantic Ci N. J 

Investment Casting Institute, 


, Mich 


National Association of Ice Industries, 
Convention, Novembe 1 The B 
Hote tlanta, G 


IRE, Symposium on Optics and Microwave, 
ember 14-1 George Was gtor I 


ersity, Washingt 


ORSA, 1 
16, Mark H 


New England Radio-Electronics Meeting 
November 16, F el Bradfor B n, Mass 
ASME, A 

Statler Hotel 


3rd International Automation Exposition 
I Bus 
ra 


9th National Chemical Exposition and Tech- 
nical Meeting, November 3 leve 
Put A riur ( ela EL 


National Warm Air Heating and Air Condi- 
tioning Association, Annual ( t 
November 27 ( I Hilt 


International Ozone Technology Conference 
Nessmer 20 A or Reses | 
American Mining Congress, A 

December 3, New York, N. Y 
SPI, Film, S 


5th Annual Symposium, T< 
Communica Wires an 
Berke -Carteret Hotel, A 


Instrumentation Conference and Exhibit, 
PGIRE, Dece ¢ , Biltmore H Atla 
(va 
AIME, 
Confe 
electric 


Hotel, 











Picture-phone is 1 bulky and expensive. rate can be increased at the expense of 


However, a number of avenues are being resolution, or the resolution can be improved 


explored to reduce size, complexity, and cost by decreasing the picture rate. Extensive 


An appreciable reduction in the size of the subjective tests will be necessary to determine 


receiving equipment would be possible if the the optimum combination. 


two-latron tubes could be combined into Further miniaturization of both the trans- 


one envelops Work is progressing in this mitting and receiving equipment may be 
in the 
Such 


transistorization reduces the heat developed 


lirection accomplished by using transistors 


Exploratory work is under way to deter- electronic portions of the circuit. 


mine the combination of picture repetition 


and resolution which will make best by the various components, thus permitting 


of the available bandwidth rhe picture the use of a smaller over-all enclosure. 


Modern Research Center 


Dedicated by Westinghouse 


OFFICIAI 
Electric 


OPENING of 


Corporation’s new 


absolute zero (—459 F) Elsewhere, the 


WITH THI 
Westingh 


h laboratories, the electrical manu- 


atmosphere of outer space is approached with 
esearch delicate apparatus which will create nearly 


cturing industry has been provided with perfect vacuums Pressures as low as one 


its most modern research facility to date millionth of a billionth of an atmosphere 
Occupying a 72-acre site in Churchill 
Borough, about 10 miles east of downtown 


Pittsburgh, Pa., the structure is a 


have been achieved in this laboratory for 
several experiments. 

3-story More than 700 men and women work at 
shaped building of red face brick trimmed the laboratories, of which more than 450 
office 


Phe gross area is 313,000 square feet, 


iinless-steel are professional scientists, laboratory techni- 


panels on the 
cians, and assistants. Of the professional 
nore than seven acres 
old laboratories in 
irchill Boroug 


> times 


Ihe move from personnel, 38 per cent are physicists, 24 
Hills to pe 


trical engineers, 11 per cent are mechanical 


Forest cent are chemists, 13 per cent are elec- 


research 


expanded _ the 


facility space engineers, 7 per cent are metallurgists and 


Work is organized into 11 departments 4 per cent are mathematicians. Of the 


including chemistry, electromechanics, elec- men hired from colleges and universities in 


nit and nuclear physics, insulation, 1956, 72 per cent held doctor’s degrees be- 


magnetics and solid state physics, mathe- fore being employed. 


atics mechanics metallurgy physics About 30 per cent of the Laboratory’s 


semiconductor and solid state physics, and effort is in work fundamental to the electrical 


technology industry, but not directed toward a par- 
About 55 


long-range 


Equipment in the Laboratories ranges from ticular development. 


ch items as a 


produc t 


{ 


-ton bearing test machine per cent is co-ordinated with 


i quartz bar microbalance which is sus- plans of product divisions, most of it being 


ided on a wire finer than a human hai basic research. Eight per cent is taken up in 


activity 


ind would be taxed to capacity if required governmental Seven per cent is 


than a single speck of dust 
\ cvrostat can plunge temperatures to near 
I 


to weigh more devoted to product development mostly in 


highly specialized fields. 


Westinghouse Photos 
WALLS AND CEILING (above) made of light. Panels as thick as window glass line this 
room, providing light from man's newest and most promising light source—electroluminescence. 
SECRETS OF SUPER METALS (right) are probed. In a temperature of 4,000 F in the air- 
less glass chamber of this high-temperature vacuum furnace, an experimental metal alloy 
An atmospheric pressure one billion times rarer than the air we breathe is 
Designed to explore metals of the future—high- 
temperature alloys for guided missiles, jet engines, and gas turbines—scientists have pro- 
duced an alloy which, at temperatures above 1,800 F, is stronger than any known metal. 


is treated. 
produced in the glass testing chamber. 
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Of Current Interest 


Electroluminescence 


Important progress made in the field of 
lighting was demonstrated in the unveiling 
of the world’s first room illuminated solely 
by electroluminescence. Lighting was ac- 
complished by means of 112 one-foot-square 
panels spread over the ceiling and three 
walls of the room, using a 350-volt 3,000- 
cycle source. 

What is called electroluminescence today 
1936 by a French 
Destriau 


was first discovered in 
investigator Professor Georges 
Working in his laboratory with a small group 
of co-workers, Professor Destriau explored 
this new phenomenon until in 1947 he was 
able to publish a review paper that set forth 
many of the properties of electroluminescent 
cells. 

An electroluminescent cell is constructed 
something like a sandwich in which the 
phosphor is placed between two conducting 
plates very much like those of a capacitor. 
When 
the conducting plates, the phosphor will give 
off light. The cell currently 
consists of a glass plate bearing a transparent, 


proper voltage is applied between 


being used 
conducting coating on which is sprayed a 


mixture of phosphor powder in a plastic 


binder. On top of this phosphor layer is 
evaporated a film of aluminum which acts as 
a second conducting contact for the cell. 
Because some phosphors have more than 
one emission band, frequency can affect the 
color emitted. One phosphor, for example, 
is green when power below a frequency of 
Above 5.000 cycles. 


In between, it is 


1,000 cycles is applied. 
the light emitted is blue. 
varying shades of blue-green 
Brightness of electroluminescence is pro- 
portional to both the frequency and voltage 
Raising either 
Thus, 2,000 


foot lamberts has been obtained by using a 


of the electricity applied. 


one increases the brightness. 
600 volt, 20,000-cycle power source. Raising 
the voltage too much causes new problems, 
such as dielectric breakdown. 

Unlike peak efficiency of 9 
lumens pet 


brightness, 
watt was achieved by using 


electricity of only a few hundred cycles and a 
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few hundred volts. higher or 


Applying 


decreases the efficiency 


< 


lower values only 


Present efficiency of 9 lumens per watt may 
be compared with 16 for a 100-watt in- 
a 40-watt 


The probable maximum 


candescent lamp and 60 to 70 fox 
fluorescent lamp 
e‘ficiency in the future for the three lighting 
forms is 240 lumens per watt for electro- 
” 


luminescence, for incandescent 


and 100 for 


lamps, 


fluorescent lamps 


Vibrating Rate Gyro 


\ new rate-type gyroscope, designed for 
use on aircraft and missiles, falls into the 
general classification of a vibrating rate gyro 
or “‘vibragyro As the name implies, its 


rh fon 
ratin 


gyroscopic forces result from a 
mass and not a rotating mass as in the con- 
ventional gyroscope 

A simple tuning fork can be used 
demonstrate the basic principles of the 
vibragyro. If the fork is turned about a 
vertical axis, with the masses vibrating 
toward and away from the axis, gyroscopic 
forces are developed in the form of a couple 
which produces an oscillating torque about 
the input axis. This torque produces 
small deflection whose amplitude is propor- 
tional to the rate of turn or input velocity 
I'he phase of torsional vibration compared 
with the phase of the vibrating masses indic- 
ates the direction of the input velocity 

Work on the vibragyro was started in the 
Research Laboratories over two years ago 
but only recently has a simple practical model 
been developed I'wo masses are attached 
to the sides of a rigid rectangular frame 


having two heavy ends which might be 
tuning fork 


is suppor ted 


compared to bases of a double 
irrangement This assembly 

by two wires which also serve to isolate the 
vibrating forces from the base of the vibra- 
gyro \ small transducer is used to change 


the gyroscopic angular vibrations to an 
alternating electrical signal whose amplitude 


is proportional to the rate of turn 


Automatic Experimenter 


Also announced was the development of a 


new ‘electronic brain,’”’ which promises to 
revolutionize the control of complex indus- 
Called ‘‘Automex the 


has a built-in intelligence, enabling 


trial processes 
“brain” 
it to distinguish between right and wrong 
Morris Ostrofsky. 


manager of the mathematics department at 


decisions reported Dr. 
the Laboratories 

Ihe key to Automex’s function is that it 
will, by repeated experimentation, try to 


reach a given goal with a capacity for dis- 


passionate judgment in distinguishing be- 
tween success and failure. 
rather 


Automex’s initial steps may be 


sweeping as it cuts the problem down into 
smaller areas, but the computer then takes 
smaller and smaller steps as it seeks its way 
toward the goal. Occasionally, it may take a 
deliberate false step as it “‘makes up its 


mind’ about the most successful course 


In one application, Automex would be 
useful to a chemist who is adding two or more 
solutions together to obtain a reaction in a 
heated 
enable him to find out how changes in the 


container. The Automex would 


temperature or certain amounts of the 
solutions would affect the reaction. 
It was emphasized that 


limited to control of a process involving only 


Automex is not 


two variables. 
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Electronic Devices 


Operate Literally “Red Hot” 


THE PENETRATION of a critical tem- 


perature barrier in the development of 
guided missiles and supersonic aircraft was 


York, N. Y., when 


General Electric Company (GI 


demonstrated in New 
scientists 
exhibited laboratory models of electronic 
devices and circuits operating literally 
hot.”” The achievement was described as a 
major step toward overcoming the inability 
of electronic controls to withstand the tre- 
mendous heat generated by air friction at 
extreme speeds. 
An equally important ‘“‘plus’’ feature of 
the new electronic circuits is their ability 
to operate for long periods while exposed 
to intense nuclear radiation in a_ reactor 


Defense Importance 


[remendous defense implications have 
been attributed to the heat-resistant, radia- 
tion-tolerant electronic devices by Dr. C. G 
Suits, GE vice-president and director of 
research. He said that the rapid progress 
reflected in these demonstrations is_ the 
result of “‘extraordinary teamwork’? among 
the GE Research Laboratory at Schenectady, 
N. Y.. nearly a dozen other GE departments 
and laboratories, and various United States 
defense agencies 

Radically new electronic concepts incor- 
porated in these components and circuits 
breakthrough of the 


represent a_ crucial 


‘thermal barrier’’ and give new impetus to 
the nation’s guided missile, satellite, and 
supersonic 


plane programs. 


Variety of Components Used 


Inside glowing electric furnaces and sur- 


rounded by blazing blow-torches, General 


Electric’s new vacuum tubes, capacitors, 


resistors, transformers, inductors, wires, 


printed circuit boards—and even an electri 
motor were operated at temperatures rang- 
ing from 900 to 1,500 I Metals such as 
titanium and special laboratory-designed 
ceramics play important roles in the design 
and construction of high-temperature com- 
ponents. 

In successful tests, electronic assemblies 
have been operated at high temperature for 
more than 1,000 hours in the neutron flux 
of the graphite reactor at the Oak Ridge 

enn.) National Laboratory 

Several components were developed up to 
1945 that could operate at 300 F, but the 
over-all reliability limit was, and in much of 
present-day equipment still is, about 200 F. 
Recent emphasis on guided missiles and 


supersonic aircraft has greatly increased the 
requirements, but until now extensive re 
search and expenditure has produced only 
a tew components capable ot operation at 
500 to 600 F. 

Io help show the versatility of the high- 
temperature electronic components, GE 
Research Laboratory scientists demonstrated 
a “hi-fire’? phonograph with the amplifier 


There 


was sufficient volume to fill the large demon- 


glowing brightly in a 1,500-F oven 


stration room and surprising fidelity in 


reproducing the “hot ‘hot jazz’ record” used 
shown was 


in the demonstration. Also 
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inother = cir¢ picked 
plified i 


radi signal even 


equipment w in the direct fl 
blowtorches 


Other less dramatic but scientif 


significant, emonstrations included 


pulsing 


multivibrator electroni 


operating lectric ovens at atures 
ranging ( 1,000 to 1 Bot! 


of these 1onstrations nvolyv ircults 


tubes. 


and print-boards 


using vacuum resistors, +wwacitors 


Missile Requirements 


[he problems surrounding the | 
ment of guided missiles including the so- 


called ICBM” 


l were described. Che 


miuissiic 


intercontinental ballistic 
electron 
circults resistors 


amplifiers, transformers 


and tubes in a guided missile must be 
signed to operate reliably in two source 
heat: internal and external Phe multi 
of tasks required of a guided missile 

bined with the all-important n« 
of keeping weight and unused space 
I 


ibsolute minimum, results in 


VACUUM TUBE 6BY4 


microminiature ceramic tube) operates—as _ in- 


(laboratory model of 


dicated by oscilloscope pattern in background— 
even when red-hot in the flame of a blowtorch. 


SIDE-BY-SIDE COMPARISON 


electronic circuit with a new GE high-temperature 


shows ordinary 
circuit after being placed in electric oven at 1,500 
F. Ordinary stopped 
immediately; began to melt and disintegrate. 


circuit working almost 
The new circuit—composed of special types of 
vacuum tubes, resistors, capacitors, wires, and 
printed circuit board—has operated at 1,500 
F for thousands of hours. 


1055 





centration ol lectronic components in 


a small volun 


The ICBM example of an 


application of high-temperature 


sf ] iSSsic 
components 


to the problem of external heating It must 


1d from extrem é I at velocities 


f about 10,00( and re-enter 


the dense layer air surrounding the earth 
Within this envelope of air, friction between 


the ICBM an ill 


1cat equal to that he 


iround it generates 
at generated by a half 
or more of the world’s largest “am 
in¢ If not 


BM 


tion or fail 


dissipated, this heat ris¢ 


make I electronic components 
maifun 
to nucle il 


new components’ tolerance 


was described as an 


ra feature” by G. W. Newton, 


engineering at 


important 
managel 
the Aircraft 
lear Propulsion Department 
[he Aircraft Nuclear De- 
yartment for the past two years has made an 


effort to de 


Propulsion 


xtensive velop 


nuclear 


power plant 


nponents tolerant to radiation,” 


‘During the course of the develop- 
nent, we found that many materials that are 
isceptible to by heat at 


damage tem- 


yeratures less than 500 C are also susce ptible 


Now, 


radiation 


lamage from nuclear radiation 
this demonstration of nuclear 


ince, one ol hnological advances 
to better 


ift Nuclear Pr 


nana 


objectives of the 
p ilsion 


Department 


> tests in which electronic circuits were 


yperated for over 1,000 hours in the graphite 
at the Oak Ridge 


ory were described in some detail 


eactor 


National Labora- 


Picture Tube Receiver 
Functions in Single Package 
\ radically new 


type of cathode-ray t 


television, 


x” radar, and 


other electronic 


] 


splay applications hz been developed 


rhe device was 


first time at 
and Con- 
Wamoscope ‘ h v tube is called, 


nbines most of functions of a 


icrowave receiving 
ve lope elin 


ents reé ired y ( 


ssociate director 


he Naval Resear« 


WAMOSCOPE, is about 20 inches long, with a 
5-inch diameter fluorescent screen. The solenoid 
shown fits over the traveling-wave tube section 
to focus it, and the tube’s r-f transducers are also 
included 
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Laboratory, said that the development of the 
tubs out Office of 
Naval contract by Sylvania 
Electri: in co-operation with 


was carried under an 
Research 
Products Inc. 
the Laboratory 

In a the Wamo- 
scope, microwave signals go directly from 


the antenna into the tube, where, in a single 


radar receiver utilizing 


envelope, the signals are amplified, detected, 
1 the fluorescent 

When compared with a conven- 
radar this that the 
mixer, intermediate fre- 
quency amplifier, detector, video amplifier, 


and displayed on tube’s 
screen 


tional receiver, means 


local oscillator, 
and their associated circuitry are eliminated. 

An important the 
selection of channels possible in the Wamo- 


scope 


feature cited is wide 


which operates over a mirowave 
frequency band of 2,000 to 4,000 mc. 

Ihe Wamoscope name is derived from the 
technical *“wave-modulated 
which was suggested by three NRL 


scientists associated with the project. 


term oscillo- 


scope,” 


rhe official designation of the Wamoscope 
now being shown is tube type 6762. Pilot 
quantities of the tube have been produced, 
Navy approval 
in connection with high-priority research and 


and are being used with 


development three armed 


Additional Wamoscope types oper- 


projects in all 
services 
ating in different frequency bands and in- 
corporating other features are now under 
development 

Although the Wamoscope type 6762 has a 
-inch bulb and a P-7 


phosphor, there is no 


actical limitation to either the size of the 
of the tube or the type of phosphor used 
he operation of the Wamoscope is based 
the 
emerge from the end of the helix of the travel- 


wave tube section A d-« 


yn velocity-sorting electrons which 


beam of suit- 
With 


with the 


»le voltage is passed down the helix 


the beam interacts 


1e helix so that the beam is 


current modulated in accord- 
nce with the amplitude of the 


4 r-f signals 
The velocity 


nodulate beam enters the 


where the special electron-optical 


s located iitable bias 
an aperture in the electron-optical 
that 


the d-c velocity pass through 


By applying a si 


he electrons have greater 
than 
aperture and are allowed to impinge 
the screen of the cathode-ray tube whereas 
slower electrons are reflected. 
I'wo basic advantages of the new tube are: 
reduction in the number of tubes and 
nponents inasmuch as the one envelope 
ides amplification, detection, and display 
r-f information as well as elimination of 
local oscillator, mixer, intermediate fre- 
y amplifier, detector, and video ampli- 
j 


and their associated circuitry increases 


the reliability of the equipment; (2) wide 
the tube the 


reproduction, display 


bandwidth of 


which enables 


implification, and 
of extremely short pulses, and the display of 


ormation contained in wide-band systems 


AEC Nuclear Energy 
Policies and Developments 


Foreign Nations Ti The 
United States Atomic Energy Commission 
AEC) and the United States State Depart- 
ment are distributing to interested embas- 
and 


Obtain Reactors. 


s1es 


United States industrial organiza- 
tions the details of the program for United 
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States grants of up to $350,000 for research 
reactor projects undertaken by friendly na- 
tions that have Agreements for Co-operation 
with the United States. 

I'he procedures are substantially those al- 
ready used and tested in handling the first 
requests for assistance received following the 
offer made by President D. D. 
last strengthen 


Eisenhowe1 
the 
atomic research programs of those nations 
included in the bilateral 


year to and advance 


agreement pro- 
gram. 

As previously announced, grants of $350,- 
000 each have been made to Brazil, Spain, 
the Netherlands. Negotia- 
tions for similar commitments are in progress 
with several other nations. 


Denmark, and 
I'he Congress ap- 
propriated $5.5 million for the program dur- 
ing the current fiscal year. 

These grants may be made toward the fi- 
nancing of an approved reactor project pro- 
viding the total of $350,000 is not more than 
one half of the actual cost. In addition to 
the reactor itself, a project may include ex- 
perimental equipment, supporting facilities 
and activities necessary to make it an oper- 
able and useful training and research facil- 
ity. ‘The grants are payable when the recip- 
ient nation certifies that the project has 
been completed. 


I'he detailed procedures are available fro1 


the AEC for background and reference. 
Rights Waived to Inventions or Dis 
Ihe AEC has given notice that it proposes t 


overté 


waive its statutory rights to inventions or dis- 
the 
materials made generally available 


coveries resulting from use of certain 


Notice 
materials 


deral Reg- 


of the proposed policy and of the 


involved was published in the ‘‘F« 
> September 18, 1956. 


The published notice gives opportunity t 


ister, 


the public to comment within 30 days after 
the date of publication. 

The AEC proposes to waive certain rights 
granted it under Section 152 of the Atomic 
Energy Act of 1954. [he proposed action 
supplements a policy followed for 
encourage research and de- 
that it ac- 
inventions or discov- 


several 
as to 


velopment in atomic energy, 


quires no rights in 
eries resulting from the sale or distribution of 
and certain standard irradiation 
More recently a similar 
was adopted in relation to Restricted Data 
AEC-issued Access 
and in respect to activities under licenses is- 
sued by the AEC 


I he props ysed policy is based on the bel ef 


isotopes 
services waiver 


obtained under Permits 


that where information, materials, and serv- 
ices are made available generally to the pub- 
lic, and inventions or discoveries result from 
their use, the inventors should be able to ob- 
tain patent rights. 


The materials now covered by the waiver 


Source materials, special nuclear mate- 
rials, and heavy water sold or leased by 


the AEC 


ergy development. 


for use in private atomic en- 


Radioactive and stable isotopes, special 
materials, and materials resulting from 
the performance of irradiation services 
provided by the AEC, at established 
prices and charges, through Oak Ridge 
National Laboratory, Oak Ridge, Tenn. 
(electromagnetically enriched and other 
stable isotopes, 
materials, 
Testing Station, 


radioisotopes, 
National 
Idaho Falls, 


special 
Reactor 
Idaho 


services ); 
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(irradiation services); Argonne Na- 
tional Laboratory, Lemont, Ill. (irradi- 
ation services); and Brookhaven Na- 
tional Laboratory, Upton, L. L., N. 
Y. (irradiation services and _ radioiso- 
topes). Special arrangements as to in- 
ventions or discoveries are made where 
persons or groups of persons use AEC 
laboratory facilities. The waiver does 
not include inventions or discoveries by 
the AEC or AEC contractor personnel 
made during the performance of an irra- 
diation service. 

Radioisotopes sold at 20 per cent of the 
catalogue price for biomedical and agri- 
cultural research under its program to 
encourage and stimulate the use of ra- 
dioisotopes in the life sciences. 

The notice provides that the proposed rule 
does not affect the provisions of any contrac- 
tual arrangement to which the AEC is a 
party. 

Naval Research Laboratory To Operate Re- 
search Reactor. With completion of a pre- 
operational inspection by representatives of 
the AEC, the Commission has issued a license 
to the Naval Research Laboratory, Washing- 
ton, D. C., to operate an atomic reactor for 
use in research. 

The license is for a 20-year period dating 
from April 29, 1955, when construction of the 
reactor was authorized, and expiring April 
29, 1975. 

Located at the Laboratory’s Southwest 
Washington site, the reactor is of the ‘‘pool’”’ 
type. ‘The reactor core is suspended in wa- 
ter, which acts both as ,moderator to slow 
the neutron flow and as a shield against ra- 
diation. The water is contained in a pool 40 
X 26 feet, and 20 feet deep, in which the re- 
actor core is suspended from a movable plat- 
form or bridge spanning the pool. 

Fueled by U-235 in the form of uranium- 
aluminum alloy plates, the reactor will oper- 
ate initially at a power level of 100 kw. 

The AEC has also issued a special nuclear 
material license to the Laboratory to receive 
and possess 5 kilograms of contained U-235 in 
fuel element assemblies and 6 grams of con- 
tained U-235 in neutron measuring instru- 
ments incorporated in the reactor. 

The Naval Research Laboratory reactor, 
the first to be licensed in Washington, is simi- 
lar in design to one which has been in opera- 
tion for several years at the Oak Ridge Na- 
tional Laboratory, Oak Ridge, Tenn. A 
simplified version of this reactor type was 
exhibited by the United States at the Confer- 
ence on the Peaceful Uses of Atomic Energy 
held in Geneva, August 
1955. 

JTF-7 Commander Makes Preliminary Re- 
ports. Rear Admiral B. H. Hanlon, Com- 
mander, Joint Task Force Seven (JTF-7), 
has returned from the Marshall Islands fol- 
lowing the recent conclusion of the Redwing 
test series, and has made preliminary reports 
of the tests to Secretary of Defense C. E. 
Wilson and Chairman L. L. Strauss of the 
AEC. 

Adm, reported that the pro- 
grammed number of tests was made of nu- 
clear devices ranging widely in yield, some 
in the kiloton and some in the megaton 
range, and that the energy released by each 
of the devices fell within the range of esti- 
mates made prior to firing. Adm. Hanlon 
reaffirmed that the energy yield of the larg- 
est was substantially less than the largest 
device detonated in the Castle test series. 


Switzerland, in 


Hanlon 
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Following the firing of the concluding det- 
onations, light fallout occurred on parts of 
Eniwetok Atoll occupied by the JTF-7. 
The fallout did not necessitate evacuation of 
personnel and no special protective measures 
were required, 

Radioactive Drug. Reserpine, a drug pro- 
duced by the Rauwolfia plant and used for the 
treatment and cure of certain mental disor- 
ders and for the reduction of high blood 
pressure, has been produced in a radioactive 
form at the AEC’s Argonne National Labo- 
ratory. 

The radioactive drug was produced by 
growing the plant in an atmosphere contain- 
ing radioactive carbon dioxide by a research 
team which consisted of E. A. Peets and Dr. 
Arthur Schulert of Columbia University’s 
Lamont Geological Observatory and Dr. 
John Skok and William Chorney of the Ar- 
gonne National Laboratory’s Biological and 
Medical Research Division. 

The radioactive reserpine will be utilized 
at Columbia University in important biologi- 
cal studies involving physiological and bio- 
chemical actions in the animal body. By 
labeling the reserpine molecules with radio- 
active carbon, it is possible to trace their 
chemical pathways throughout the body with 
great precision. It is expected that these 
studies will contribute important medical 
information on the use of the drug. 

Young Rauwolfia plants were grown in 
small hermetically sealed greenhouses in 
which the atmospheric carbon dioxide was 
enriched with radioactive carbon dioxide. 
The plants were grown under these condi- 
tions for about six weeks. After harvesting, 
the roots were dried, ground and the reser- 
pine extracted. 

Nuclear Reactor for Medical Research and 
Therapy. A part of the AEC Brookhaven 
National Laboratory at Upton, L. L., N. Y., 
will be the research center containing a nu- 
clear reactor designed specifically for medical 
research and therapy. ‘The installation was 
designed by the architectural firm of Eggers 
and Higgins following preliminary designs 
by the Laboratory’s architectural planning 
department in collaboration with its medical 
department. The buildings are scheduled 
for completion by late 1957. 

The one-story medical center at Brook- 
haven will cover 2.7 acres of an 11-acre site. 
It will house research laboratories for medi- 
cal physics, pathology, microbiology, bio- 
chemistry and physiology, plus a 48-bed re- 
search hospital, and an industrial medicine 
branch for Brookhaven personnel. A central 
facility will provide general laboratory and 
hospital services. 

The nuclear reactor will be housed sepa- 
rately in a circular steel building 60 feet in 
diameter and 54 feet high, covering a gross 
area slightly less than 5,000 square feet. The 
core, process instruments, 43,000-pound 
shutters for the two reactor ports, wiring and 
console will be supplied and installed by sep- 
arate contractors at a total cost of $178,840. 

The entire medical research center, in- 
cluding the reactor, is scheduled for comple- 
tion in 1958 at a cost of $6 million exclusive 
of design and engineering. 

Cooled and moderated by ordinary water, 
the reactor will utilize an alloy of enriched 
uranium and pure aluminum as fuel. 
cadmium-boron control rods will be held 
above the core by electromagnets. Any rise 
in reactor power beyond a desired point 
would cause an interruption of electrical 


Four 
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current to the magnets and the control rods 
would automatically drop. 

The core of the reactor, less than two feet in 
diameter and 26 inches high, will contain 18 
fuel elements arranged in a cylindrical con- 
figuration and set in an aluminum tank 2 feet 
in diameter and 22 feet high The graphite 
reflector encasing the core will be surrounded 
by a shield three to five feet thick, and will be 
cooled by the movement of filtered air 
through cooling passages in the graphite 
[This and all other air exhausted from the 
building will be completely filtered to remove 
any contamination before it is discharged 
from a 150-foot stack. 

The coolant-moderator will be pumped 
through the core to the top of the reactor 
tank and then flow back to the basement 
through a shielded pipe. There, by means of 
a heat exchanger, it will be divested of the 
heat acquired in passing through the core, 
and will return to the bottom of the reactor 
A portion of this water will 
be continually drawn off and passed through 


for recirculation. 


a purifying system before it rejoins the main 
stream for reuse. 

I'wo ports, one on each side of the reactor, 
will permit beams of neutrons from fissioning 
atoms inside the core to pass out into treat- 
ment rooms. 
each port will be closed by a 43,000-pound 
shutter. 
close off the beam within three seconds, will 


When a beam is not in use, 
The shutters, which can release or 


be controlled by the administering doctor 

from behind a shielding wall two feet thick 
The third face of the 

equipped for the irradiation of large objects, 


reactor will be 


while the fourth face will have three injec- 
tion holes to be used for the production of 
special, short-lived radioisotopes 

Availability of the short-lived radioisotopes 
at the hospital site will make possible a much 
wider range of medical investigation into 
fundamental body processes than can now be 
conducted, according to the AEC. 

Need for a medical reaction has devel- 
oped over the past six years, during which 
time Brookhaven scientists 
available research reactor for neutron capture 


have used the 


therapy in some types of brain tumors. In 
this treatment, the patient is given an injec- 
tion in the blood-stream of a substance such 
as boron, which has an unusual capacity to 
A stream of neu- 
trons from the reactor is directed at the 
brain tumor at a time when the tumor is 
packed with the boron, and the tumorous 


capture neutron particles. 


tissue is destroyed by the reaction which oc- 
curs between the neutrons and this substance 
thermal 
medical reactor will produce a treatment 


Employing neutrons, the new 
beam having an intensity 50 times greater 
than that provided by the Brookhaven gen- 
eral research reactor and, thus, will insure 
wider medical application of neutrons and 
flexibility of treatment. 


Symposia, Courses, and 
Special Programs of Study 


Human Engineering. ‘Two conferences are 


to be held in conjunction with the 3rd 
International Automation Exposition. The 
first is to be sponsored by Manhattan 
College at the Hotel New Yorker and is 
called “‘Automation and Man.’ 


is sponsored by the 


The second 


Business School of 
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Fordham University, and is entitled, ““Office 
Automation for Senior Officers.” The 
dates are November 28-29. 

Data Logging. A two-day symposium, 
November 7-8, will present a series of 12 
papers evaluating ‘‘Automatic Data Logging 
Systems” from the viewpoints of manage- 
ment, labor, production, and finance. 
It is to be held at the Bellevue-Stratford 
Hotel, Philadelphia, Pa., concurrently with 
an equipment exhibit. 

Solar Furnace Design and Operation. The 
Association for Applied Solar Energy, in 
conjunction with Stanford Research In- 
stitute, Arizona State Colllege, and the 
University of Arizona, will sponsor a two- 
day symposium on solar furnace design and 
operation. The theme of the session will be 
**Today’s Tool for Tomorrow’s Research.” 
It is to be held January 21-22. 

Electron Microscope School. Mount Vernon, 
N. Y., will be the locale of the 2nd Norelco 
Electron Microscope School which will be 
held during the week of November 26-30 
at the offices of the Instruments Division of 
the North American Philips Company, Inc., 
750 S. Fulton Ave. Because of limited 
accommodations, attendance will be by in- 
vitation only. Those interested should 
write to C. J. Woods who will honor requests 
so far as space will allow. Registrants are 
urged to bring along micrographs and ma- 
terial they wish to discuss at the meetings. 

Enhancing Supervisory Skills and Executive 
Potential. The University Extension of the 
University of California in the northern 
area is offering a Business and Management 
Program for Technical Personnel which will 
be an integrated program of business man- 
agement subjects for those trained in engi- 
neering or other technical fields as they 
prepared to assume broader responsibilities 
in the firm. The classes are scheduled for 
late afternoon and early evening once a 
week for 18 consecutive weeks. There is a 
fee, and the sessions start in February. 

Advanced Science Program. Hughes Air- 
craft Company has started a program to 
award fellowships to research personnel 
in its employ for advanced science study 
leading to doctoral degrees. The program 
was initiated in order to aid in the reduction 
of the nation-wide shortage of scientists and 
engineers. Three schools to which Hughes 
personnel will be sent are: University of 
Southern University of Cali- 
fornia at Los Angeles, and the California 
Institute of Technology. 

Mechanical Reliability. 
sored by RETMA 


feature sessions on 


California, 


A symposium spon- 
December 19-20 will 
mechanical reliavility, 
feedback, component evalua- 
tion usage, and other challenging discussions. 

Nuclear Power Station. A two-day, five- 
session symposium on the design and con- 
struction of the first full-scale nuclear power 
station will be held in London, England, 
November 22-23. 


Truck Servicing. 


information 


A program to familiar- 
with the dramatic engi- 
neering advances in General Motors Cor- 
poration trucks as well as to school them 
on the latest servicing techniques has been 
turning out skilled truck maintenance 
specialists for the last three years. It is 
designed to teach truck maintenance, to 
keep top operating efficiency, and to serv- 
ice trucks properly. Training centers are 
located in key cities in 23 states and the 
District of Columbia. 


ize mechanics 
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Armed Forces Branches 
Report on Several Developments 


Runway Profile Device. Some of the hardest 
punches airplanes take come on the ground. 
Aircraft face one of the toughest structural 
tests when they taxi out on a runway for a 
takeoff. 

The roughness inherent in present runways 
set up vibrations which tend to tear the heavy 
and flexible airplanes apart, when they taxi 
at high speeds in taking off from the field. 

The new device, developed at Wright Air 
Development Center (WADC), may alter 
the situation. The development is a vehicle 
that takes a statistical picture of the runway 
—an actual profile. The information it 
provides can be related directly to what al- 
ready is known about aircraft vibrations. 
Fortified with this information, Air Research 
and Development Command (ARDC) engi- 
neers will now be able to design aircraft with 
maximum performance capabilities and still 
provide for longer durability and usefulness. 

The runway profile device has a fixed beam 
of high intensity light four inches in diameter 
created by a zirconium arc which is pro- 
jected the length of the runway from a sta- 
tionary unit. A recording vehicle is towed 
along this beam. A set of photoelectric cells 
in the vehicle locks onto the light beam and 
rides it to the far end of the runway. Every 
one-half foot along this course, a magnetic 
tape recorder charts the vertical distance from 
the beam of light to the runway surface, thus 
producing the profile of the runway. The 
statistics are then reduced to a simplified 
series of numbers, fed into a computer, and 
transformed into a curve which is actually a 
plot of runway power vs frequency. An air- 
craft’s response to these frequencies of vibra- 
tion is known. 

Pikes Peak Expedition. A scientific expedi- 
tion sponsored by the ARDC is currently 
making infrared radiation measurements 
from Pikes Peak and the adjoining Colorado 
area. 

The joint United States Air Force, Army, 
and Navy team of some 160 technicians and 
assistants are measuring radiations from vari- 
ous types of military targets in an effort to 
establish techniques for distinguishing the tar- 
gets from their backgrounds. 

Infrared, an invisible part of the electro- 
magnetic spectrum, and primarily associated 
with the emission of heat rather than light, 
has numerous military uses in missile guid- 
ance, reconnaissance, warning, aircraft de- 
fense, and fire control. 

World-Circling Air Force Scientific Expedition. 
Air Force Cambridge Research Center 
(AFCRC) scientist accompanying a specially 
selected crew from the Strategic Air Com- 
mand’s Second Air Force will airlift a 1,500 
pound cosmic ray monitor around the world, 
seeking important scientific data on cosmic 
radiation. It will detect radiation that enters 
the earth’s atmosphere from outer space. 

Careful measurements of the intensity of 
the incoming cosmic ray particles will enable 
AFCRC scientist to learn more about the 
orientation of the earth’s outer magnetic field. 

Air from Outer Space. Army Signal Corps 
scientists have captured six bottles of air from 
outer space. These are the only existing 
samples of pure air from very high altitudes 
of the upper atmosphere. The scientists 
from the Signal Corps Engineering Labora- 
tories, Fort Monmouth, N. J., expect to un- 
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ravel basic mysteries in rocketry and geo- 
physics. New tests on the gases could pave 
the way for flights of future missiles, man- 
made moons, and even space ships, all of 
which must pass at high speeds through such 
high altitude air. 

The samples were collected 75 miles up by 
steel bottles inside the nose cones of two 20- 
foot U.S. Navy Aerobee rockets launched from 
the White Sands Proving Ground, N. M. 
The six special space bottles popped open one 
at a time as the rockets reached peak alti- 
tude, then snapped shut, each trapping eight 
quarts of the very thin air. 

Automation Devices for Bacteriologists. In a 
two-pronged attack on a problem that has 
previously defied solution, a new instrument 
and a new system for the automatic counting 
of bacterial colonies, which will relieve bac- 
teriologists of one of their more tedious and 
time-consuming tasks, has been developed at 
the Army Chemical Corps Laboratories, 
Fort Detrick, Frederick, Md. 

The device functions by scanning the sur- 
face of the incubated Petri plate with a 
minute ray or “‘pencil” of light from a cathode 
ray tube, much as in the picture tube of a 
home television set. The ray moves across 
the Petri dish 1,000 times per second, com- 
pletely scanning the agar surface by advanc- 
ing 0.0035 inches for each line of scan. 
Changes in optical density between the trans- 
parent agar and the opaque colonies are 
recognized by a multiplier phototube. 

The operating secret of the device lies in 
the action of its “memory” made of a quartz 
ultrasonic delay line which keeps track of the 
details of the previous tour of the scanning 
pencil across the dish in relation to its current 
scan. Electronic circuits compare these two 
records to determine which colonies are 
being encountered for the first time. Each 
new colony is counted in the registers of the 
machine. Repeated scans of the previously 
recognized colony are cancelled out by the 
comparing circuits, and hence not counted. 

The alternative system, based on the con- 
ventional “dilution tube” procedure, is de- 
signed to avoid the electronic complications of 
the Automatic Colony Counter, but involves 
a rearrangement of the bacteriological labo- 
ratory steps. It is called the Automatic 
Microculture Counter. The sharply limited 
number of bacteriological test tubes ordi- 
narily employed is avoided by substituting 
994 tiny holes in a plastic “strip” about seven 
inches long, one inch wide, and one-eighth 
inch thick. Each strip has two one-eighth 
inch “rails” on one side. Thus, strips may be 
stacked in a magazine without the surfaces 
coming into contact. Dipped into a bac- 
terial culture, the holes fill with the liquid. 
The charged strips are then incubated in a 
safety-approved container for the same period 
as is the Petri plate. Holes which happen to 
have originally received one or more bac- 
teria become iridescent through bacterial 
proliferation; the sterile holes remain clear. 
After incubation, the strips are photographed 
one by one, while still in the container, with 
an automatic camera specially developed for 
this purpose. The film of the strips is then 
passed through a modified film reader which 
gives a sequence of electrical pulses equal in 
number to the number of sterile holes in the 
plastic strip. Totaled pulses are converted 
to punched card code, automatically punched 
into a card, and later processed in an elec- 
tronic computer. 


Microwave Relay System. The use of micro- 
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wave equipment for the relaying of radar in- 
formation was demonstrated recently at the 
Rome Air Development Center (RADC), 
Griffis Air Force Base, Rome, N. Y. 

Following a talk on the “‘Present and Fu- 
ture Status of Military Microwave,” the 
demonstration itself consisted of a showing of 
two PPI radar indicators; one operating 
directly from a search radar, the other re- 
ceiving its input from a two-hop microwave 
system totaling some 24 miles in length. 
Comparison was impossible because there 
was no way of distinguishing between the two 
displays. 

Utilization of such a system in the near 
future will provide information on the direc- 
tion and height of planes, formation of clouds, 
and the movement of tornados and hurricanes. 

Thus, this RADC developed system will 
enable the use of unattended radar units to 
relay information from remote terrain in- 
stantaneously. It will tie in with an existing 
microwave network and will be expanded to 
obtain data from widespread areas. 

The United States Weather Bureau is also 
interested in such a setup because it would 
permit more rapid and accurate determina- 
tion of weather trends and hurricane and 
tornado tracking. 

Inventive Talent To Solve Defense Problems. 
The National Inventors Council (NIC) of 
the United States Department of Commerce 
has declared that if a person is a professional 
or amateur inventor with the germ of an 
idea at the back of his or her mind, it should 
be developed. The idea and its implementa- 
tion may be the solution to one of the tech- 
nical problems currently affecting national 
defense. Many civilian inventors have con- 
tributed brainpower toward the solution of 
Armed Forces problems which have saved 
many lives and much money. 

The NIC publishes a cumulative list of 
technical problems turned over to it and, 
since 1940, has served as a liaison agency be- 
tween inventors and the Armed Forces. The 
current copy of “Technical Problems Af- 
fecting National Defense” can be obtained by 
writing to NIC, U.S. Department of Com- 
merce, Washington 25, D.C. 


Machine Sprouts Grass 
for Livestocks’ Dinner Menu 


It was bound to 
Mother Nature would 
impact of automation: 
producing automatic 
chines. 


happen—that even 
begin to feel the 
A Texas firm is 
grass-growing ma- 


The purpose of this man-made creation is 
to provide fresh, nourishing forage for live- 
stock the year-round. The machine, called a 
“‘Herbagere” (invented by a Belgian), trans- 
forms grain into grass six to seven and a half 
inches high, in six days. 

The unit itself is a metal-framed box with 
seven drawers or “stages.” In the top 
drawer, water is mixed with a special 
chemical formula. This feeds down to the 
lower stages. Perforated baskets holding 
6 or 7 pounds of seed occupy the drawers. 

Temperature control, a critical factor in 
growing the grass, is achieved through 
automatic control of electric heating ele- 
ments. A special control unit regulates 
flow of electricity, thus automatically main- 
taining the precise temperature required. 
Different seeds need different temperatures. 
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During operation the grains and growing 
shoots are automatically irrigated daily with 
a solution containing dissolved nutrients. 
This eliminates the need for soil. 

A single, seven-drawer machine can pro- 
duce forage enough for 10 cows. Or looking 
at it another way, 50 pounds of pregermi- 
nated seed can produce, daily, 300 to 360 
pounds of man-made grass. 

Oats, wheat, barley and other common 
seeds can be grown in the machine without 
any difficulty. 

Increase in milk and butterfat production, 
savings in feed costs and all-around better 
health for livestock are cited as expected 
benefits of the man-made feed. 


NEW BOOKS 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 


ABACS OR NOMOGRAMS. By A. Giet Philo- 
sophical Library, Inc., 15 East 40th St., New York 16, 
N. Y., 1956. 225 pages, 5!/2 by 8%/¢ inches, bound 
$12. This book demonstrates, for practicing engineers, 
how nomograms may be constructed without highly 
specialized mathematical knowledge. The subject 
matter is presented in five parts covering the relations 
between two variables, Cartesian abacs, alignment charts 
based on parallel co-ordinates, alignment charts not 
based on parallel co-ordinates, and relations between n 
variables. The French units of the original have, in 
some cases, been converted to British units, and con- 
version factors are included for numerical examples 


ASTM STANDARDS ON ELECTRICAL INSULAT- 
ING MATERIALS (1956) Published annually by the 
American Society for Testing Materials (ASTM), 1916 
Race St., Philadelphia 3, Pa. 642 pages, 6 by 87/, inches, 
paper. $6. A compilation of 83 standards cover- 
ing insulating shellac and varnish, ceramics products 
fabrics and papers, mica products, filling and treating 
papers, mica products, filling and treating compounds, 
mineral oils, plastics, etc. A number of electrical 
tests and conditioning requirements for testing are also 


included. 


BIBLIOGRAPHIC SURVEY OF CORROSION 
1952-1953. Publication No. 56-11. Published 1956 
by National Association of Corrosion Engineers, 1061 
M and M Building, Houston 2, Tex. 382 pages, 8'/: by 
11!/4inches, bound. $12.50. Summaries of over 3,000 
references on corrosion and corrosion prevention are 
arranged in the following main groups: general, testing, 
characteristic phenomena, environments, 
preventive measures, materials of construction, equip- 
ment, and industries. The references are indexed by 
subjects and by authors. An appendix has been in- 
cluded to aid the user in locating and obtaining copies 
of foreign or domestic journals or articles 


corrosive 


DIGITAL DIFFERENTIAL ANALYZERS. An Ap- 
plications Manual for Digital and Bush-Type Differential 
Analyzers. By G. S, Forbes. Published by George F. 
Forbes, 10117 Bartee Ave., Pacoima, Calif. third edition, 
1956. 154 pages, 88/, by 10%/4 inches, paper. $7.50 
Added to this edition are over 100 pages of new material 
covering trajectory problems, simultaneous algebraic 
equations, partial differential equations, complex func- 
tions, conformal mapping, etc. The first part of the 
manual, a reprint of the second edition, shows the basic 
integrator mechanisms for the generation of exponential 
trigonometric, algebraic, and inverse trigonometric 
functions, and discusses adders and servos and their uses 
Diagrams are used throughout to show the setting 
up of the various operations, and exercises are included 


DYNAMIC FACTORS IN INDUSTRIAL PRODUC- 
TIVITY. By Seymour Melman. John Wiley and 
Sons, Inc., 440 Fourth Ave., New York 16, N. Y., 1956 
238 pages, 5!/: by 8!/4 inches, bound. $4.75. This is 
an investigation, based on British and American ex- 
perience, of the effects on manufacturing productivity 
of the relative cost of man-hours and machine-hours, 
and of the rise of administrative overhead. The study 


Of Current Interest 


includes a chapter on engineering implications which 
shows how the changing relation of the costs of men and 
machines can be taken into account in the design of 
production facilities 


ELECTRONIC MEASURMENTS AND MEASUR- 
ING INSTRUMENTS. By F. G. Spreadbury. Essen- 
tial Books, Inc., 16-00 Pollitt Dr., Fair Lawn, N. J., 
1956. 459 pages, 54/3 by 8!/3 inches, bound. $8. This 
work is devoted to describing fully certain basic types 
of instruments: voltmeters, ammeters, wattmeters 
stroboscopes, cathode-ray oscillographs, photoelectric 
cells, etc. Instruments for frequency and time measure- 
ment, electron optical systems, and a-c bridges are also 
covered, and consideration is given to tube character- 
istics, auxiliary apparatus, power supply, and construc- 
tion practice, 


ENGINEERING AS A CAREER. By R. J. Smith 
McGraw-Hill Book Company, Inc., 330 West 42nd St., 
New York 36, N. Y., 1956 365 pages, 57/g by 9/4 
inches, bound. $4.75 This book introduces the be- 
ginning engineering student to the nature of the pro- 
fession, to the type of studies in which he will be en- 
gaged during his four years of college, and to selected 
topics in civil, electrical, and mechanical engineering 
The qualifications, duties, and responsibilities of the 
engineer are indicated, and the profession is described 
both in terms of the major branches and in terms of 
functions—research, design, construction, management, 
etc. Materials, mechanics, thermodynamics, electro- 
dynamic 3, and engineering economy are the engineering 
subjects introduced 


EVALUATION OF INSULATING OILS 
PEAN DEVELOPMENTS 
lication No. 1/72.) 
Society for Testing Materials, 1916 Race St., Philadel- 


72 pages, 6 by 87/s inches, paper $1.75 


EURO. 
Special Technical Pub- 
Published 1956 by the American 


phia 3, Pa 
Research in Sweden, France, and England on the testing 
of insulating oils is reported in the following three 
atalysts for Ac- 
celerated Testing of Transformer Oil, The Performance 
Characteristics of Used Insulating Oil, and The Evalu- 
ation of Inhibited Transformer Oils. 
papersis also included. 


papers included in this publication: ( 


Discussion of the 


THE GENERATION OF ELECTRICITY BY WIND 
POWER. By E. W. Golding. Philosophical Library, 
Inc., 15 East 40th St., New York 16, N. Y., 1956 
318 pages, 5'/: by 88/4 inches, bound $12 This 
account of recent research and development work on 
the use of wind power on a significant scale is di 

roughly, into three parts. Part one is devoted t 

behavior and its determination: wind distrit 

measurement of velocity, energy estimation, and the 
selection of sites for wind power units. The remaining 
two parts deal, respectively, with types of wind driver 
machines and generators and with economic considera- 
tions. In addition to chapter bibliographies, a bibli- 
»graphy on surface wind data, is included 
of French, German, and English terms is appended 


4 glossary 


LINEAR TRANSIENT ANALYSIS. Volume II 
Two-Terminal-Pair Networks Transmission Lines 
By Ernst Weber. John Wiley and Sons, Inc., 440 
Fourth Ave., New York 16, N. Y., 1956, 452 pages, 
57/, by 91/4 inches, bound. $10.50. In this text for 
graduate students, the Fourier and Laplace transform 
methods (reviewed in the first chapter) are applied to the 
analysis of transient phenomena in passive and active 
two-terminal-pair networks, in filters, and in trans- 
mission lines. The book includes an extensive dis- 
cussion of the application of the Fourier transform 
method in the idealization of the network character- 
istic and a careful development of the traveling wave 
concept. 


NUCLEAR FUELS. By D. H. Gurinsky and G. J 
Dienes. (The Geneva Series on the Peaceful Uses of 
Atomic Energy.) D. Van Nostrand Company, Inc., 
120 Alexander St., Princeton, N. J., 1956. 364 pages, 
6 by 9!/a inches, bound. $7.50. This is one of a series 
of six volumes made up of edited and integrated selec- 
tions from papers delivered at the International Con- 
ference on the Peaceful Uses of Atomic Energy. The 
present volume, intended as an introduction to the 
subject, gives basic information on the metallurgy of 
uranium and thorium, the problem of radiation, and 
specific fuel systems using solid and fluid fuels. 


NUMERICAL ANALYSIS. 
posia in Applied Mathematics of the American Mathe- 
matical Society, Volume VI. McGraw-Hill Book 
Company, 330 West 42nd St., New York 36, N. Y., 1956 
303 pages, 68/4 by 10'/,ginches, bound. $9.75. Among 
the topics covered in the 19 papers which comprise 


Proceedings of Sym- 
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this volume are the theory of dynamic programming, 


boundary valve problems, combinatorial problems, 
shock configuration in Mach reflection, applications of 
gradient methods, approximations in numerical analysis, 
the method of steepest descent, and the solution of linear 


systems by iteration 


THE PETROLEUM REFINERY ENGINEER’S 
HANDBOOK. By J. F. Strachan. Philosophical 
Library, Inc., 15 East 40th St., New York 1¢ , 
1956 168 pages, s by 10 inches, bound. $15 
Despite its inclusive title this is a manual for those re- 


sponsible for the inspection and safety of refinery equip- 
ment he first two chapters deal with the organiza- 
tion, personnel, and records of the inspection department 


ana with inspection procedures for the various refinery 


processes The remaining three chapters are concerned 
tk yrrosion and protective measures, formulas for 
alculating the strengtt and vessels, and general 


safety measures 


PROGRESS IN NUCLEAR ENERGY. Series I 

Volume 1 Edited by R.A 
and others. McGraw-Hill Book Company, 
West 42nd St., New York 3 N. Y., 1956 


Physics and Mathematics 


«inches, bound $12 This volume 


ontains critical summaries of data on fission physics 


made available at the [International Conference on the 
Peaceful Uses of Atomic 


Energy Of the 12 papers 
included, four deal with the following subjects in basic 
reactor physics homogeneous critical assemblies, 
zero energy studies on fast reactors, heterogeneous 

ethods of reactor calculations, and theory and experi- 
ment of highly enriched intermediate and thermal as- 
semblies. Other papers deal with neutron scattering 
absorption, properties of fissionable materials 


*r neutron bombardment, and delayed neutrons 


SCHEDULING OF PETROLEUM REFINERY 
OPERATIONS. By A. S. Manne. Harvard Univer- 
sity Press, Cambridge 38, Mass., 1956 185 pages, 

2 by 8 ches, bound $ In this study, in- 
tended for petroleum engineers and economists, graphi- 
al methods. 


s, calculus, linear gramming, and several 


pes of nonlinear programming are used in the analysis 


presentative scheduling problems 


The operations 


ised are the allocatior ude oils to refineries 


different rming; gasoline 

luling for a small plant in which 
racking, recycling, and blending are integrated The 
book also includes a brief review of conventional re- 


finery economic analysis 


RGES ON 


genori Hayashi 


TRANSMISSION SYSTEMS, By 
Denki-Shoin, Inc., Kyoto, Japan, 
editic Available ie United States 
Rutland, Vt 
bound. $12 I 


4 inches 1s 


: 1 
new work brings together in compact and available 


orm the modern mathematical theories of traveling 
vave phenomena in electric transmission systems. Par- 
ialized aspects the 

ted to a 

for dealing 

onductor systems 
presented, the method makes possible the 
ertain complex problems both in laboratory 


PAMPHLETS 


The following recently issued pamphlets may be oi 
interest to readers of ‘Electrical Engineering.’’ All 
inquiries should be addressed to the issuers 


rHE ISOTOPE INDEX 


plete guide to the isotopes 


rhe first up-to-date, com 
rhis unique 64-page book 
lists the source of every known commercially available 
isotope. Included are th stable and radioactive iso- 
topes and hundreds of isotope-labeled compounds of C- 
14, 1-131, P- 


different items in « rom the more than 40 United 


S-35, Deuterium, etc. More than 2,000 


States and Canadian suppliers. Complete purchasing 
information supplied including chemical name or for- 
mula, specific activity, interfering activities, supplier, 


supplier catalogue number, and latest published price 
Also included for each isotope is its halflife and principle 


radiatior In addition, the index includes sections on 


the available « samples, radiographic and 
therapeutic sources, a complete list of the known sup- 
pliers, and a brief section on the recently revised Atomic 
Energy Commission license requirements. An invaluable 
book for anyone using or purchasing isotopes vail- 


from stock z py in the United States 
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and Canada ($2.50 Foreign Please 
send remittance with order to Publications Department, 
Scientific Equipment Corporation, 23 N. Haw- 


thorne Lane, Indianapolis 19, Ind 


sent postpaid 


THE PROCEEDINGS OF THE SYMPOSIUM ON 
EARTH SATELLITES AS RESEARCH VEHICLES 
Under the auspices of its Journal, The Franklin Institute 
has published the full proceedings (including discussions 
of the Earth Satellite Symposium held in its Lecture Hall 
on April 18, 1956, as Monograph No. 2 in the Journal 
series. Containing seven papers by outstanding authori- 
ties in various phases of the earth-satellite program, the 
Monograph presents a scientific approach to the prob- 
lems involved in placing an artificial satellite in an orbit 
and discusses the problems which may be solved with a 
Journal of 
The Franklin Institute, 20th and the Parkway, Phila- 


successful launching. $2.50 per copy from 


> 


delphia 3, Pa 


RCA MAGNETRONS AND TRAVELING-WAVI 
TUBES. Published by Tube Division, Radio Corpora- 
tion of America (RCA), Harrison, N. J 
booklet contains basic information on the features and 


This 40-page 
applications of these microwave devices. Prepared to 
assist those who work with microwave tubes and cir- 
cuits, it describes the theory of operation of magnetrons 
and traveling-wave tubes, presents operating consid- 
erations and applications, and gives techniques for 
measurement of important elec trical par ameters. 
Illustrations included show structural parts of both types 
of tubes, typical performance characteristics, test 
methods, and representative circuit applications. Data 
are given for four commercially available RCA magne- 
trons and one traveling-wave tube. An extensive list of 
The booklet M 7-307 may 
be obtained by sending 50 ¢ direct to Commercial Engi- 


neering, RCA Tube Division, Harrison, N. J 


references also is included 


HANDBOOK OF SEMICONDUCTOR ELEC 
FRONICS. 832 pages, illustrated, $12. Under the 
editorship of L. P. Hunter, senior physicist of the Inter- 
national Business Machines (IBM 


specialists, representing 


Corporation, 13 
leading manufacturers and 
users of semiconductor devices, have produced this 
handbook covering physics, technology, and circuit ap- 
plications of transistors, diodes, and photocells. After 
briefly describing transistor action, the book explains 
basic physics of electrical conduction in solids as a back- 
ground for understanding mechanisms of transistor and 
diode action. Technological processes used in transistor 
and diode fabrication also are surveyed. This includes 
basic processes and techniques commonly used and how 
they achieve satisfactory device performance. Enough 
information is given to enable anyone to design and pro- 
duce a satisfactory semiconductor device of average 
characteristics A large part of the book is devoted to 
circuit design and applications, as well as the subjects of 
low- and high-frequency amplifiers and switching cir- 
cuits; directly coupled amplifiers; transistor oscillators; 
and circuits using special semiconductor devices. Suf- 
ficient background material is supplied to make unneces- 
sary to consult outside references in order to understand 

main body of text. Further details are available from 
McGraw-Hill Book Information Service, 327 W. 41st 
St., New York, N. Y 


LIGHTING FOR COMMERCIAL KITCHENS. 
rhis report covers all phases of lighting for food handling 
and preparation in restaurants and other institutional 
kitchens from delivery of foodstuffs, through storage, 
inspection, cooking, serving, and pricing 
the wide variety of seeing tasks, critical and general, en- 
countered in such kitchens 


It emphasizes 


The lighting for each opera- 
tion is analyzed, sanitary conditions and speed being of 
prime consideration. The report includes recommended 
lighting levels; brightness ratios; reflectances of walls, 
ceilings, and floors; and selection of types of fixtures pro- 
viding ease of maintenance as well as proper illumination 
characteristics. This 8-page report, concise and fully 
illustrated, is of value to owners, architects, lighting and 
consulting engineers, electrical contractors, and others 
Copies may be obtained from Publications Office, 
Illuminating Engineering Society, 1860 Broadway, New 


York N. Y., for 15¢ each. Quantity prices on request 


RESISTANCE WELDING—THEORY AND USE 
Contains material gathered by the American Welding 
Society Resistance Welding Committee on every aspect 
of the resistance welding processes and their use in weld- 
ing different metals for applications in every kind of in- 
dustry (automotive, aircraft, railroad equipment, re- 
frigeration, radio, television, metal parts manufacture 
etc The most significant feature of the book is that for 
the first time resistance welding is presented in clear, 
everyday language so it can be understood without pre- 


Of Current Interest 


vious knowledge of welding. Yet, the subject is so 
thoroughly covered and so authoritative and up to date 
that it will interest welding engineers, metallurgists, de- 
signers, and shop personnel. Included are full details of 
the six resistance-welding processes, machines, controls 
and electrodes, welding of different metals, weld quality, 
inspection, and testing. Published by the Reinhold 
Publishing Corporation, 430 Park Avenue, New York 22, 
N. Y. at a price of $4.50 


THIN FILMS OF POLYTETRAFLUOROETHYL- 
ENE RESIN (TEFLON) AS LUBRICANTS AND 
PRESERVATIVE COATINGS FOR METALS. 
Highly successful use of Teflon (polytetrafluoroethylene 
resin) for lubricating and preserving a wide variety of 
military equipment is described in a Navy report avail- 
able to industry through the Office of Technical Serv- 
ices (OTS), U. Applied 
as a thin film to hard substances, Teflon produces a dry, 
chemically resistant, all-weather lubricant. Its preserva- 
tive qualities are described as remarkable by the Naval 
Research Laboratory (NRL), which pioneered use of the 
coating. The report summarizes experimental work and 
field tests on a number of applications of Teflon to guns 


S. Department of Commerce 


and ammunition, submarines, aircraft, and other equip- 
ment. An appendix contains a number of essential tech- 
niques developed by NRL which insure minimum fric- 
tion, maximum durability, good adhesion, and good 
corrosion-prevention properties Teflon is not a 
panacea for solving all lubricating problems without the 
use of oils and greases, the report points out. However, 
when properly used the coating is ideal in numerous ap- 
plications of value to both the military and industry 
The report, PB 121161, V. G, Fritz-Simmons and W.A 
Zisman, NRL, June 1956, may be ordered from OTC, 
U. S. Department of Commerce, Washington 25, D. C 


It contains 32 pages, price $1 


ELECPRONICS DATA HANDBOOK. Released 
by Allied Radio Corporation, this 64-page handbook 
consists of a carefully selected collection of the most often 
needed formulas and data used in radio and industrial 
electronics. Formulas include those needed for basic 
circuit analysis, transmission line calculations, determina- 
tion of vacuum tube characteristics, resonance calcula- 
tions, meter calculations, etc Included are up-to-date 
Radio-Electronic-Television Manufacturers Association 
RETMA) and Military specifications for resistors and 
capacitors, coil winding data, wire gage data, metric re- 
lationships, tables for directly interchangeable radio and 
television picture tubes, interchangeable batteries, deci- 
mal equivalents of fractions, pilot lamps, logarithms, 
A three-page explanation 
on the use of logarithms precedes the logarithm tables 
Additional data covers attenuator networks; minimum 


trigonometric functions, etc 


loss pads, mixers; decibels vs voltage; current and power 
ratios; and complete details on using the RETMA 80.7- 
volt system of speaker hookup. This information has 
been compiled from the most authoritative text books 
and reference works, or has been prepared by Allied’s 
technical staff. It is presented in an organized, easy-to- 
find form. Prepared by the Publications Division of 
Allied Radio, under the direction of Eugene Carrington, 
the handbook was edited by N. M. Cooke. The book 
37 K398 is available from Allied Radio Corporation, 100 
N. Western Ave., Chicago 80, IIl,. and is priced at 35¢ 
postpaid. 


1952-1953 BIBLIOGRAPHIC SURVEY OF COR 
ROSION. Publication No. 56-11, 1956 
A. I. Humphrey 
corrosion prevention articles, books, and brochures 
published in 1952-1953 are cempiled in this volume 
Material was selected from bulletins published by more 
than 30 abstracting agencies representing international 
literature coverage Abstracts are arranged topically 
according to the National Association of Corrosion En- 
gineers (NACE) Abstract Filing Index. The Filing In- 
dex divides the literature into eight main groups: gen- 
eral, testing, characteristic corrosion phenomena, corro- 
sive environments, preventive measures, materials of 
construction, equipment, and industries. Each main 
group is subdivided. Topical cross-references are ap- 
pended to each section. The subject index also lists 
many metals and alloys by trade name and indexes 
them as to specific properties and to behavior in specific 
media. An author index is included. All referencing is 
to classification and serial numbers of abstracts for ease 
in searching. An appendix has been included to aid the 
user in locating and obtaining copies of unfamiliar foreign 
or domestic journals. This is the fifth in a series of 
NACE bibliographies on corrosion literature. The pre- 
ceding four volumes, covering 1945 through 1951, con- 
tained 12,414 abstracts. 382 pages, $12.50 for nonmem- 
bers of NACE, $10.00 for members. Available from 
National Association of Corrosion Engineers, 1061 M 
& M Building, Houston 2, Tex. 


Compiled by 
Summaries of 3,344 corrosion and 
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“Bind ] 


have 
an idea 


in your 
hip 
pocket? 


Then we have an idea you'll be 
happiest at Firestone... 

where ideas are most likely to see 
the light of day and breathe the air 
of success. Here, too, you'll 
discover benefits and attitudes 
inspire more ideas, more success. 


Ideas—and men with ideas — 
have kept Firestone at the top of 
the pioneers-in-progress list for 56 
years. Right now, we’re carrying 
forward the Army’s vital 
program for the “Corporal,” 

first surface-to-surface ballistic 
guided missile. This includes 
development engineering, field 
test and service, and missile 

and component production. 


But the need for good men with 
good ideas grows... because 
Firestone plans to keep growing 
in this field. For instance, 

here are just a few specific 
needs —a few from a list too 
long to show in full: 


Component Design 
Electronics Systems 
Mechanical Systems 

Flight Simulation 

Field Engineering 

There’s a man at Firestone 

with ideas —good ideas —on your 
future. Why not write today? 


Firestone 
GUIDED MISSILE DIVISION 
RESEARCH * DEVELOPMENT* MANUFACTURE 


j | 


WRITE: SCIENTIFIC STAFF DIRECTOR, LOS ANGELES S54, CALIF. 





™~. Plan electrical 


. . layout 


your own 
maintenance facilities . 

equipment—payroll . . . for 
minimum anticipated volume 
Keep men and machines busy all 
the time 


“™“ Send the jobs you can’t 
handle without overtime to Na- 
tional for fast, high quality re- 
winding at economical prices 


“* To assure top quality, re- 
liability and economy in your 
own work, make National your 
first source for replacement coils 
and rewinding supplies. 


“S Confine your rewinding 
operations to the routine jobs. 
Big rotating electrical equipment 
is a job for specialists and special 
equipment which you can’t 
economically support. 


“™ Call National when you 
have a problem with a large or 
complicated motor or generator. 
We have the specialists—in en- 
gineering and production—and 
the special equipment to do the 
job right—working in our plant 
or yours 


No matter what industry you’re in or 
where you're located, National can help 
you. Steel, mining, railroads, utilities 
you name it and we'll cite cases to show 
how others in your position have found 
that they can stretch their electrical 
maintenance dollar by making National 
a part of their electrical maintenance 
team. See your nearby National field 
engineer or drop us a line for the com- 
plete story. Do it today. 


NATIONAL 
FLECTRIC 


COIL (0. 


COLUMBUS 16, OHIO, U.S. A. 
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New Research and Development Center. 
American Machine and Foundry Com- 
pany’s (AMF) Turbo Division has dedi- 
cated its new 66,000 square foot advanced 
research and development center, one of 
the most modern facilities in the United 
States for the development of accessory 
power supplies for guided missiles. The 
research and development center houses the 
administration, engineering, and drafting 
offices, research and test laboratories, tech- 
nical library, and photographic facilities. 
The test areas are specially designed; each 
of the test cells consists of one or two test 
bays plus an adjacent blockhouse contain- 
ing a central instrument console. Multi- 
ple, high-response recorder channels plug 
into the consoles from sensing devices 
mounted on each power supply. A signi- 
ficant departure from normal test-cell pro- 
cedure is used in testing the accessory power 


supplies. The unit to be tested, its fuel, and 
the sensing instruments are mounted on a 
The unit remains on the 
cart throughout the test, thereby cutting 


mobile test cart. 


down installation and removal time, and 
achieving more efficient use of the test 
facility. The laboratory also includes an 
environmental test chamber that dupli- 
cates the extremely destructive effects of 
high altitudes on accessory power supplies 
The chamber can simulate atmospheric 
pressures at altitudes from 
100,000 feet and temperatures from —100F 
to +200F at relative humidities up to 100 
per cent. Also to be built by AMF is a 
new plant for a Canadian atomic energy 
AMF Atomic (Canada 
Limited, a subsidiary of AMF, will build a 
30,000 square foot plant on a 30-acre site 


sea-level to 


contract. 


at Port Hope, Ont., to carry out the con- 
This will be the first unit of a large 
AMF Atomics (Canada) 
is the first private company in Canada to 


tract 
nuclear facility. 


be organized solely for nuclear research, 
development, and engineering. In addi- 
tion to fabricating fuel elements, the plant 


will have a nuclear laboratory to conduct 


PUTED vices 


engineering, research, development on re- 
search and power reactors and their com- 
ponents and auxiliaries. The laboratory 
also will provide engineering services to 
outside organizations. 


Radar Beacon for Guided Missiles. A 
miniature, lightweight radar beacon de- 
signed to enable ground crews to track a 
guided missile in flight has been developed 
by Radio Receptor Company, Inc., of 
Brooklyn, N. Y. Although it weighs only 
2!/, pounds and is roughly the size of a 
jelly jar, the new device, called the Radar 
Beacon, AN/DPN-43 is rugged enough to 
withstand the terrific shocks and tempera- 
ture variations of missile flight. The new 
beacon’s job is to receive and return radio 
signals monitored at a ground tracking 
point. Its entire service life is only 30 
minutes or so, but it is designed for utmost 
reliability. Weight, space, and reliability 
considerations required the use of transis- 
More than 120 com- 
ponents have been squeezed into its 6-inch 
height and 2!/.-inch diameter. The 
beacon, which was developed for the Evans 
Sig: al Laboratory of the Army’s Signal 
Corps Engineering Laboratories at Fort 
Monmouth, N. J., consists of three main 
assemblies: a tiny 6-volt battery, a tuned 


tors instead of tubes. 


preselector with a high-gain crystal-video 
receiver, and a modulator driving a low- 
power transmitter-tuned cavity that can 
emit a watt or more of output power. 


Name Change. The Waterbury Brass 
Goods Division of The American Brass 
Company officially changed its name to 
Fabricated Metal Goods Division. This 
division manufactures specialities from flat 
or sheet metal, particularly products of 
small size and close tolerance. 


Service Plan for Scientific Instruments. 
Scientific instrument users can now obtain 
a service and repair policy similar to the 
coverage purchased by many television set 
owners. Under a plan announced August 
24, Chicago Apparatus Company, supplier 
of scientific equipment, will perform regular 
preventative maintenance and make im- 
mediate emergency repairs at no extra 
charge to the customer. The plan is de- 
signed to provide protection against break- 
downs of highly complex apparatus. 
Under the new plan, periodic inspections 
of equipment will be made by Chicago 
Apparatus representatives who have under- 
gone intensive training and been certified 
by instrument manufacturers. In addition, 
emergency work will be performed immedi- 
ately. 


Recording Oscillograph. Explosionproof- 
ing for airborne applications and a flash 
timing system for absolute synchronization 
of multiple oscillograph installations are 


(Continued on page 38A) 
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Variety of Technical Fields 


These illustrations are symbolic of some of the scien- 
tific and engineering fields of endeavor which are 
essential ingredients in the broad range of technical 
programs that are in progress at The Ramo-Wooldridge 
Corporation. Illustrated are: Information Theory, 
Systems Analysis, Communications, Nuclear Physics, 
Electronic Computers, Servomechanisms, Electromag- 
netic Propagation, Infrared, Aerodynamics, Micro- 
waves, Propulsion, and Thermodynamics. 

The requirement for technical competence in a wide 
variety of fields is a significant characteristic of systems 
engineering work. At R-W this requirement is particu- 
larly important because of our emphasis on the devel- 
opment of systems having a high content of scientific 
and engineering newness. 


Our current military contracts support a number of 
advanced programs in the fields of modern communi- 
cations, digital computing and data processing, fire 
control and navigation systems, instrumentation and 
test equipment. In the guided missile field, Ramo- 
Wooldridge has technical direction and systems 
engineering responsibility for the Air Force Intercon- 
tinental and Intermediate Range Ballistic Missiles. Our 
commercial contracts are in the fields of operations 
research, automation, and data processing. All of this 
work is strengthened by a supporting program of basic 
electronic and aeronautical research. 

Scientists and engineers whose training and experi- 
ence are in these or related fields are invited to explore 
the openings at The Ramo-Wooldridge Corporation. 


The Ramo-Wooldridge Corporation 
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HIGH-VOLTAGE MOTOR CONTROL...... 
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ADER IN 


DESIGN AND 


PERFORMANCE 


GENERAL ELECTRIC 
LIMITAMP* STARTERS OFFER 


ROLL-OUT CONTACTOR UNITS 
FOR EASIER INSTALLATION 


Today’s General Electric Limitamp starters are 
designed to bring you the utmost in installation 
ease, speed, and economy. 

Key feature of this cost-cutting design is the 
caster-mounted contactor unit which can be easily 
rolled into or out of the Limitamp enclosure. After 
swinging out the hinge-mounted low-voltage panel, 
and before rolling in the contactor unit, the instal- 
lation man can walk right inside the enclosure to 
make connections quickly and conveniently. 

Once connections are completed, the panel can be 
closed and ready to operate within seconds. Limit- 
amp panels control and protect motors rated 2300 
to 4800 volts and ranging up to 3000 horsepower. 


MORE LIMITAMP CONTROL FEATURES 


Fast, economical installation is but one benefit 
of General Electric Limitamp control. There are 
many more. For instance: 


*Reg. Trade-mark of General Electric Company. 


e Five-square-foot saving of floor space through 
use of higher-capacity fuses to eliminate need for 
an extra fuse cabinet. 

e Increased personnel safety provided by three- 
phase disconnect switch. 

e Flexible arrangement of units and added space 
savings, with all connections made from front. 
e Complete range of modifications to meet any 
installation requirement. 


REALIZE THESE BENEFITS NOW 


Don’t be satisfied with ‘‘old-fashioned”’ high- 
voltage motor control: Specify General Electric’s 
Limitamp control—leader in design and perfor- 
mance. Contact your G-E Apparatus Sales Office 
today, or write Section 783-2, General Electric 
Company, Schenectady, New York. 

Industry Control Department, Roanoke, Virginia. 


Progress ls Our Most Important Product 


GENERAL 


\ ELECTRIC 








MAINTENANCE EASY on contactor; 
generally devices are front-removed. 





THERE’S AMPLE SPACE to stand inside enclosure and make necessary connecs 
tions. Yet entire control requires 50% less floor space than before. 














* CUT CORES, Types C and E 


' * TOROIDAL CORES, Cased 
Valo Mm Ol alor-t-{-1e| 


* BOBBIN CORES 


It’s ARNOLD for EVERYTHING in TAPE-WOUND CORES 


Oppolicattons 


Let us help you with your core re- 
quirements for Pulse and Power 
Transformers, 3-Phase Transformers, 
Magnetic Amplifiers, Current Trans- 
formers, Wide-Band Transformers, 
Non-Linear Retard Coils, Reactors, 
Coincident Current Matrix Systems, 
Static Magnetic Memory Elements, 
Harmonic Generators, etc. 


For Complele Datails 


Write for Bulletins: 


* SC-107—Cut Cores, Types C and E 
* TC-101A—Toroidal Cores, cased 
and uncased 


* TC-108—Bobbin Cores 


ADDRESS DEPT, EL-611. 
ISA 


SOOO OSESSSOESEEESEEEESESEEEEEOESSEOEESESESEEE EOE SEED 





MATERIALS: Deltamax, 4-79 Mo- 
Permalloy, Supermalloy, Mumetal, 
4750, Monimax, Silectron, Permendur: 
all are available for cores depending 
upon the specific properties required. 


GAUGES: The following standard tape 
thicknesses are available for Arnold 
tape wound cores in most of the mag- 
netic materials mentioned above: 
.012”, .004”, .002”, .001”, .0005”, or 
.00025”. Bobbin cores are made from 
tape .001’’ to .000125” thick. 


SIZES: Cores weighing from a fraction 


of a gram to many hundreds of pounds 
can be supplied. Toroidal cores are 
made in 27 standard sizes with nylon 
cases. Types ‘“‘C” and “E”’ cut cores are 
made in a total of 530 standard sizes. 
Many special sizes and shapes of both 
apless and cut cores ate manufactured 
or unusual requirements. 
OTHER PRODUCTS: In addition to 
Tape-Wound Cores, we also produce 
a complete line of Mo-Permalloy 
Powder Cores, Iron Powder Cores 
and permanent magnets. @ Let us work 


with you. wsw seie. 
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Wire Sculpture by Henry Szafarz 


It’s Another World... 


one in which the forces of nature 
are extremely rough on man-made 
things. Thus, the simple fact that 
Simplex supplies more submarine 
cable than all other manufacturers 
combined speaks volumes as to 
product quality. Simplex Submarine 
Cables are specifically engineered 
for reliable underwater communi- 
cation and power transmission. Their 
many varieties of outer coverings, 
wire armor, heavy jackets of 
Neoprene and other materials, guard 
against underwater hazards and 
assure long, dependable service. 
SIMPLEX WIRE & CABLE CO., 

79 Sidney Street, 

Cambridge 39, Mass. 





CO@ 
a, 


Photo of Transoceanic Telephone Cable, 
Cut Back to Show Construction 
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For DC Power Applications... 


NEW PERKIN 50 KW Standard 
GERMANIUM RECTIFIER UNIT 


FEATURES 


Can be series or parallel connected 


for higher voltage and amperage 
94% Efficiency 


Low installation cost 


ial mounting required) 
Excellent Power Factor 
No moving parts (except cooling fan) 
Less floor space 
No warm-up 


Delivery —stock or 8 weeks 


Model G125-400 


Through the unique characteristics of 
germanium, the new Perkin Model G125- 
400 50 KW Germanium Power Unit 
offers extremely high efficiency and a 
low installation and operating cost. 


This unit is ideally suited for such 
applications as: Municipal DC to AC 
conversion programs, DC Motors and 
controls, magnetic devices, brakes, chucks, 
clutches, lifting magnets, in place of 
mercury-arc, ignitron or mechanical 
rectifiers, electro-chemical and other 
general industrial DC power applications. 


A key feature of this model is the fact 
that two or more units may be connected 
in series or parallel and operated at 

one time for higher voltage and amperage. 


Perkin also manufactures other heavy duty 
rectifier units (selenium and germanium). 


Send your specifications to Perkin for 
prompt recommendations and quotations. 


SPECIFICATIONS: 





A.C. INPUT: 
D.C. OUTPUT: 


CONTROL: 
VOLTAGE REGULATION: 
DUTY CYCLE: 
RIPPLE: 
EFFICIENCY: 
POWER FACTOR: 
COOLING: 
METERS: 
WEIGHT: 
FINISH: 
CONSTRUCTION: 
DIMENSIONS: 





230/460 V., 60 Cycle, 3 Phase 
115-125 Volts @ 400 Amperes 
Available also connected for 
62.5 V. @ 800 Amperes 
Air Circuit Breaker 

5% No Load to Full Load 
Continuous 

5% RMS 

94% 

95% 

Forced Air Cooling 

Ammeter 

1200 Lbs. Approx. 

Gray Wrinkle Baked Enamel 
Floor Standing Cabinet 

34” Wx 30” Dx 52” H 


so EW Germanium 345 KANSAS ST. + EL SEGUNDO, CALIF. 
Rectifier Unit ORegon 8-7215 or EAstgate 2-1375 
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UNIT SUBSTATIONS—primary 
and secondary, indoor and out- 
door construction—in all standard 


< ratings, dry, askarel or oil 
LOW VOLTAGE SWITCHGEAR transformers. 


through 600 v a-c, 250 v d-c, 
15,000 through 150,000 amp inter- 
rupting, 6000 amp continuous. 


So =~ 


\> 


. 
- nmi 


ISOLATED PHASE BUS through 
138 kv and 10,000 amp. 





TG rs ee 


7 


METAL-CLAD SWITCHGEAR in rat- 
ings from 2400 v through 15 kv, 50 
through 750 mva interrupting and 
3000 amp continuous. 


fo 
oe 





' 


Ra. 


INDIVIDUAL BREAKERS, a-c and 
d-c, 15,000 through 150,000 amp NONSEGREGATED PHASE BUS 
interrupting, 6000 amp continuous. through 15 kv and 6000 amp. 


Economical: an |-T-E Power Package 


An I-T-E Power Package includes the complete power 
handling facilities for a new construction project, build- 
ing addition, or expansion of electrical service—one 
unit or a complete system for every application from 
generation to end use. You save in sound planning, 
easier installation, coordinated delivery, and assured 
performance—a better investment in every way. 

For more information, contact the I-T-E sales office 
nearest you or write I-T-E Circuit Breaker Company, 
19th & Hamilton Sts., Philadelphia 30, Pa. 


) 


L 


1-T-E CIRCUIT BREAKER COMPANY 
Switchgear Division 
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BOURNS now offers an 
expanded line of 


[RIM!} 


... 7 stock models of 
sub-miniature potentiometers 
to serve many special needs — 
at no extra cost! 


First there’s the 120 Wirewound TRIMPOT, with features common to all 
other BOURNS TRIMPOTS. It's a 25-turn potentiometer, easily adjusted, 
and weighing only 0.1 oz. Rectangular in shape, it fits readily into mini- 
ature electronic circuits. You can mount it individually, or stack it compactly 
with standard screws. Mountings are interchangeable with those on all 


other 7RIMPOTS. 


The self-locking shaft holds stable settings under extreme environmental 
conditions. All parts are corrosion resistant. Every unit is inspected 100% 
for guaranteed specifications. Resistances: 10 to 20,000 ohms, with resolu- 


tions as low as 0.2%. 


Now, to give designers greater latitude, BOURNS has developed and is 
manufacturing the following standard models—variations of the Model 120. 


129 TRIMPOT 
— Carbon 
Infinite resolution is pro- 
vided by the carbon ele- 
ment. Resistances are 
higher, ranging from 
20,000 ohms to 1 megohm. 


209 TWINPOT 
— Dual Potentiometer 
Two outputs electrically 
independent, and con- 
trolied simultaneously by 
one adjustment. 





130 TRIMPOT 
—Solder Lug 


For wiring direct to the 
instrument, using solder- 
ing iron or dip soldering 
techniques. Usable range 
of 98%. 


160 TRIMPOT 
— High Temperature 


Operates at 175°C. High 
Bevee" rating: 0.6 watt at 





132 TRIMR 


— Variable Resistor 


High resistances— up to 
50,000 ohms in a wire- 
wound rheostat. 


230 TRIMPOT 

— Humid ity-proof 
Completely sealed, unit 
meets MIL-E-5272A Speci- 
fications for humidity. 


Write for literature on the BOURNS TRIMPOT line. 


OQURNS LABORATORIES 


General Offices: 6135 Magnolia Ave., Riverside, Calif. 
Plants: Riverside, California—Ames, lowa 
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BIBLIOGRAPHY 
ON 
POWER 
CAPACITORS 
1925-1950 


This Bibliography (S-43) was 
prepared as an activity of the 
Capacitor Subcommittee of 
the AIEE Committee on Trans- 
mission and Distribution and 
is intended to present a con- 
solidated reference to the 
principal significant literature 
in the field of capacitor appli- 
cations to power circuits. 
Only basic and original ma- 
terial has been presented. 


Contents of this new publi- 
cation include: 


(1) LIST OF PERIODICALS 


(2) BIBLIOGRAPHY ON POWER 
CAPACITORS, catalogued into 


the following divisions: 


Capacitor Economics 


Capacitors (their design, 
construction, operation, and 
maintenance) 


Capacitor Applications (mis- 
cellaneous, and general, 
industrial, and utility power 
factor correction) 


(3) BOOKS AND RELATED 
BIBLIOGRAPHIES 


(4) AUTHOR INDEX 


The price is $1.25 (no dis- 
counts possible). Copies 
may be obtained from: 
Order Department 
AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 
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Reel containing 5,055 feet of polyethylene-insulated super- 


e visory cable being unloaded. 


aed iS 


ale s 
Making pig-tail splices on the polyethylene-insulated conduc- 


tors. Operation took about half hour for 16-pair cable. 


3 Stripping the outside jacket of vinyl. Plastic insulation and { Soaping the cable to aid in pulling. Average length was 1000 
. Lo 


jacketing are easy to strip for fast splicing. feet, pulled by hand. 


Worcester, Mass.— 


Major utility installs 


polvethvlene-mnsulated supervisory cable 


These pictures show some steps in mak- 
ing one of the largest installations of 


Cable shown is “Ankoseal” manufactured 
by The Ansonia Wire & Cable Co., Ash- 
ton, R. L. 


struction makes this cable lighter, 
smaller, and easier to splice. Greater 


supervisory cable for speeding location 
of faults in tie lines. Installation was 
made by Worcester County Electric 
Co., subsidiary of New England Power 
Co. It connects two substations with 
each other and the central generating 
station. 

The cable has 16 pairs of No. 19 
gauge conductors, each insulated with 
moisture-resistant BAKELITE Brand 
Polyethylene, with an outer jacket of 
tough, abrasion resistant vinyl plastic. 
The cable operates relays at opposite 
ends of the tie lines so that lines can be 
cleared in case of trouble. 

Crews worked twice as fast as with 
earlier cable because the plastic con- 


lengths were pulled through—the aver- 
age was 1000 ft.—and pulling was by 
hand. Only a quarter of the usual 
splices were needed, each taking about 
half an hour. 

BAKELITE Brand Polyethylene is be- 
ing used extensively on utility line wire, 
service drop, power cable, and coaxial 
cable. It satisfies REA requirements for 
plastic-covered telephone wire, meets 
applicable IPCEA specifications for 
service drop cable, ASA standards for 
weatherproof wire, ASTM D1238-52 
Type II, dielectric materials, and IMSA 
specifications for fire alarm and signal 
control cable. 


BAKELITE 


BRAND 


PLASTICS 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation T4§ 30 East 42nd Street, New York 17, N. Y. 


In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 


The term Bake.ire and the Trefoil Symbol are registered trade-marks of UCC 
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¥_ JERE are new Microwave “Packages” by have been selected for superior performance 
Philco, pioneer in the design and and greatest reliability. Outstanding features 
manufacture of microwave systems. Each new of Philco Microwave Packages can lower your 
package incorporates advanced techniques in installation and operating costs; write Philco 
communications and control. All components now for complete information. 


PHILCO Series 500 * 


Philco Series 500 Package is designed primarily for 
pipe line and railroad companies requiring maximum 
dependability consistent with highest commercial 
performance standards along extensive right-of- 
way routes. 


FEATURES 
® Expandable to 24 or more channels 
(plus service channel) 
® Extendable to 40 hops (1000 miles) 


® Commercial quality circuits 


4 PHILCO Series 120 


Philco Series 120 Package is designed to provide low 
cost, reliable communications over moderate dis- 
tances for turnpikes, police, and utilities. 


FEATURES 


® Lowest cost per channel mile 


® Expandable to 24 or more channels 
(plus service channel) 


® Extendable to 10 hops 
® Commercial quality circuits 








x 


Microwave Packages 





4 PHILCO Series 90 


Philco Series 90 Package is designed to 
provide the high performance and relia- 
bility required by common carriers and 
government agencies. Full 100% standby 
with completely automatic switching 
is included. 


FEATURES 


© Utmost reliability 
® Expandable to 60 channels 
® Extendable to 5 or more hops 


Philco maintains a staff of experienced engineers to conduct surveys, 
plan, and install complete systems to satisfy even the most complex 
communications requirements. These men have successfully com- 
pleted thousands of system miles, including one of the longest micro- 
wave communications systems in the world. 


Write to Dept. EE for New Free Booklet 





PHILCO CORPORATION 


OVERNMENT AND = PHILADELPHIA 44 


NDUSTRIAL DIVISION PENNSYLVANIA 





In Canada: Philco Corporation of Canada, Limited, Don Mills, Ontario 


SELECTED COMPOUNDS 
in felted asbestos walis 


+ quality varnished cambric tapes 





add up to 


ROCKBESTOS A.V.C. 
(N.E.C. TYPE AVA) QUALITY 


Pictured is the application of 
fluffy asbestos prior to the 
impregnating and compress- 
ing process. 


ee enw 

ie 
Compounds — specially selected compounds — which 
are used to impregnate asbestos walls, are one of the 
important reasons why you can count on Rockbestos 
A.V.C. for dependable, long lasting service. 

For this impregnation, Rockbestos engineers not only 
set up rigid compound specifications but conduct a con- 
tinuing testing program to insure that these standards 
are always met. Thus, the exactly right compound is ap- 
plied to the asbestos wall at the correct temperature 
and at the correct pressure. The Result .. . the seamless, 
felted Rockbestos wall. 


NEW YORK « CLEVELAND «+ DETROIT * CHICAGO «+ PITTSBURGH 
LOS ANGELES *« NEW ORLEANS «+ OAKLAND, CALIFORNIA ¢ 


ST. LOUIS 


impregnated asbestos com- 
pressed and felted to a 
smooth homogeneous wall en- 
suring long cable life. 


In Rockbestos A.V.C. impregnated felted asbestos 
walls seal varnished cambric tapes away from air and 
moisture. The tapes are made to Rockbestos specifica- 
tions and are applied under controlled methods assuring 
uniform dielectric strength. 

Rockbestos A.V.C. gives you long life and dependable 
service under every type of operating condition .. . in 
temperatures up to 230°F. 

Complete construction and test specifi- 
cations of Rockbestos A.V.C. are in the 
new booklet “Specification RSS-88”". 

Write today for your copy. 


ROCKBESTOS propbuctTs corp. 


NEW HAVEN 4, CONNECTICUT 


STOCKED COAST TO COAST 
Standard Rockbestos A.V.C. con- 
struction (N.E.C. types AVA, AVB, 
etc.) are available for immediate 
shipment. Call or write nearest 
branch office. 
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FLORIDA —A typical installa- 
tion of Type PH Disconnects is 
this one by Orlando Utilities 





Commission, Orlando, Florida. 


A LOW-COST, HIGH-QUALITY DISCONNECT 
FOR LOW REVENUE DISTRIBUTION LINES 


SOUTHERN STATES TYPE PH HAS MANY DESIGN EXTRAS 


It is often difficult to justify expensive switches for isolating, 
by-passing, or disconnecting on low revenue distribution lines. 
Yet the mechanical features of such disconnects are highly desir- 
able, as any operating man knows. 

That is why Southern States designed its popular, low-priced 
Type PH Disconnect. Its cost is easily justified, and yet it has 
many design extras found on more expensive switching equip- 
ment. For instance: 

e High-pressure line contacts 

e Integral terminals 

e Rugged parallel blade construction 
e Blade pry-out action 

e@ Positive blade latching 

This single throw, single pole, hookstick-operated switch de- 

signed for wood crossarm mounting, is answering the require- 
ments for many utilities throughout the 
nation. You will find it profitable too 
For full details, write for Bulletin 54 PH. 


q CHANNEL OR ROLLED FLANGE STEEL BASES 
ARE AVAILABLE, 


SOUTHERN STATES €o0u1pment corp. 


HAMPTON, GEORGIA 





IN CANADA: Dominion Cutout Co., Ltd., Toronto 
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absorb 


SHOCK 


like a stack 
of cushions 





Components must be more than tough to stand up 
under the punishment to which ground support 
equipment is subjected. That’s why WESTON 
Ruggedized instruments are favorites for 
applications when severe shock and vibration 

are encountered .. . as well as for mobile 
equipment requiring instruments that 

will continue functioning—accurately— 

through shock, vibration, moisture, or 2 
temperature extremes. AVAILABLE IN Ss . 
ALL REQUIRED SIZES, IN A-C, D-C, ly /| ha 2m 
RF AND THERMO TYPES. For the y 

complete story on Weston Ruggedized 

instruments, or on other instruments 


08884 98TH yp a 


AMPERES 
a 


for panel, laboratory, production 
or servicing needs, consult your 
nearest Weston representative, or 
write Weston Electrical 
Instrument Corp., 

Newark 5, N. J. 


WESTON 
Ruggelived 


PANEL INSTRUMENTS 
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Demand for VICTOR Insulators has necessitated a continual plant 
expansion running into many millions of dollars. In the last seven 
years alone, our plant area has been increased 20% to provide greater 
({ TOR space for manufacturing, storage and research! 
This impulse generator in VICTOR’S electrical laboratory, enables 


our engineers to perform steep front wave tests as well as standard 


impulse tests. 


GIVES YOU All processing water used by VICTOR is demineralized. VICTOR 
was the first in the industry to install water demineralizing equip- 
ment. A patent on our process is now pending. 


6 I i E R To certify insulator soundness, VICTOR uses black light. Unfired 


insulators are sprayed with fluorescent material, then subjected to a 
near ultra-violet light source. 


INSULATORS This hydraulic testing machine in VICTOR’S specialty porcelain 


department gives open cutouts and similar insulators a routine 
calculated transverse load before electrical test. 


SPECIFY 
| sabbashat-Yole ato} aet-Tt-bha! 


Insulators! 


VICTOR INSULATORS DIVISION 
“ 1-T-E CIRCUIT BREAKER CO. 
VICTOR, N.Y. 
Low and High Voltage Pintypes + Suspensions « Guy Strains 


Spools « Switch and Bus Insulators « Custom Designed Porcelain 
Insulator Hardware 


“BETTER INSULATORS THROUGH RESEARCH”’ 
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Bibliography on 
HERE LIES | High-Pressure 


WGiNT om|| os Are 


(May 1954) 


SH Q RT- C] RCU IT This Bibliography (S-62) has 


_ been prepared to aid those 
(212,000 AMPERES, 500 VOLTS, 60 CYCLES) _ conducting research in the 


_ field of high pressure electric 
BORN: 10.30:10,25763 . _ arcs. It is hoped the Biblio- 
DIED: 10.30 10.25847 ' graphy will also stimulate 

AGE :.00084 SECOND _ others to become interested 
(YeoTH CYCLE) o _ inthis fundamental and highly 

SLAIN BY LITTLE 400 AMPERE AMP\TRAP | iendinating Bela cl wemeench. 
Although the work has been 
done under the auspices of 
the Subcommittee on Funda- 
mental Arc Research of the 
AIEE Committee on Electric 
Welding, the Bibliography 
should prove useful to all 
fields of high pressure arc 
research, whether the appli- 
cation be to arc welding, arc 
refining, or arc extinction. 
The Bibliography has been 
compiled from a number of 
sources, including many pri- 
vately donated bibliographies 
as well as extensive searches 
through standard journals. 
_ Entries are arranged alpha- 

. .. THE SUPER-CURRENT SLAYER } Senate snares fo eather. 
They include, in addition to 
When you want to kill giant Short-Circuits almost before they the author’s name, the title of 
arlene rsp Sees aps ny se the article, the name of the 
prevent them from developing full magnetic or thermal destruc- publication, the volume, 


tive force. Ask about Amp-trap and its many capacities and 2 
arrangements. Find out aan this amazing current limiter now. F a srs ocurse 9 pub 
It is an entirely new form of protective device with current : cation, and number of pages 
limiting action on short-circuit currents up to 100,000 Amperes in the article. 

R.M.S. or 200,000 Amperes (peak), at 600 Volts. Because . 3 
Amp-trap anticipates destruction it protects your investment by ; Price: $1.50 (no discounts for 
eliminating the need for replacement. Write for Bulletin 514. : members) 

There is no obligation. ; 


SHAWMUT’S 400 AMPERE AMP-TRAP 600 V. 


*Trade Mark Registered. _ Copies may be obtained from: 
Order Department 


THE CHASE-SHAW MUT co. _ AMERICAN INSTITUTE 


373 MERRIMAC STREET + NEWBURYPORT, MASSACHUSETTS of 

a ELECTRICAL ENGINEERS — 
, Cage SOD) _ 33 West 39th Street 
ee ee — : New York 18, N. Y 

Trion C-Q@-T  —_ Frionct xe @-T mes FUSE WIRE bad ada etic 


11-56 = 
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DYN, CrIMP tool 


1eart ware 


for reliability plus versatility 


An electrically -controlled pneumatic-hydraulic tool combining the 
convenience of a hand tool and the power of a bench press 
. » » Mounted on a portable cart which serves as a support 
. . Power unit and tool may be detached for use in hard- 
to-reach locations .. . Operated either by foot pedal 
or thumb contact button... Adapted for use on A-MP 


Solistrand, Ampli-Bond and Aluminum terminals. 








TO BETTER WIRING 


Aircraft-Marine Products, Inc. 


General Offices: Harrisburg, Pa. 


A-MP of Canada, itd., Toronto, Canada ® Societe A-MP de France, Courbevoie, Seine, France 
A-MP—Holland N.V., 's-Hertogenbosch, Holland © Aircraft-Marine Products (G.8.) Ltd., London, England 
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SYNTRON 
THIS — SELENIUM RECTIFIERS 
IS THE KIND OF V2 Bs) 


ENGINEERING , 
HELP 


WE NEED! 





Widest range of cell ratings in the industry 
Electronic En- 
gineering in A highly efficient and economical means of converting a-c to d-c power is 
a aan obtained with SYNTRON quality controlled vapor processed SELENIUM 
- a pert RECTIFIERS. Constructed to withstand shock and vibration—treated 
cularly circuit against adverse climatic conditions—require no warm-up time—low for- 
designing. ward voltage drop, more efficiency, and low ageing plus longer life. 
Trouble free, maintenance free operation. Widest range of cell ratings in 
the industry. 


Write for complete catalogue data—FREE 


SYNTRON COMPANY 


Hydraulic and 440 Lexington Avenue Homer City. Penna. 
Servo Engi- 
neering in con- 
trol and auto- 
pilots. 








Mechanical En- 
gineering in 
packaging and 
structures. 


| “ sf ] 
ae FOUR-CHANNEL CARRIER-TELEPHONE TERMINAL FOR RADIO LINKS 


or mail coupon for This is a miniaturized unit of advanced design which provides four 
full information. voice channels on a frequency-division basis above a voice-frequency 
order-wire channel. Each of these five channels is provided with a 4-wire 
2-wire termination and a voice-frequency ringing circuit for d-c or 
W. C. Walker, Engineering Employment Mer. 20-cycle signals. Adjustable attenuators are provided in the 4-wire 
Pacific Division, Bendix Aviation Comp. side of all channels, and a built-in test oscillator and meter permit 

ES Se ae eee complete line-up, maintenance and trouble-shooting checks to be 
| am interested in this engineering field__ made. Channel levels are from —9 to 0 dbm and line levels from —30 
| am a graduate engineer with___ degree. to 0 dbm. Channel width is 300 to 3500 cycles within 1 db. 
| am not a graduate engineer but have ___ This unit is only 544” high by 19” wide by 14” deep. It mounts on 
years experience 

a standard rack and operates from 115 volts 50-60 cycles a.c. 

Name 


ptrens —___ : RADIO ENGINEERING PRODUCTS 
city ; 1080 UNIVERSITY. ST., MONTREAL 3, CANADA 


Zone___ State __ 4 TELEPHONE CABLES 
UNiversity 6-6887 RADENPRO, MONTREAL 
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GENERAL 
CABLE’S 


HIGH 
QUALITY 
CONTROL 


CABLE 
wwith 


























IMPROVEDS 
rr) K-) a 


CODING 


’ To preserve the superior physical 
characteristics inherent in black 
neoprene, General Cable applies 
a colored synthetic rubber base 
coating supplemented, where 

is necessary, by spiral striping over 

ee ee i @i the black neoprene jacket of 

{ individual conductors. 

This new, carefully developed 

method of color coding the 

individual conductors of multiple 
conductor cable results in 
superior quality, brighter colors 
and an extra tough coating 

for permanence. 

Station, Traffic, Elevator and 

Railway control cables are color 

coded in accordance with 

IPCEA Standard color sequence 

and to customer’s specifications. 

GENERAL CABLE CORPORATION, 

420 Lexington Avenue, 

New York 17, N. Y. 

Offices and Distribution Centers 

Coast-to-Coast. 


ss 














for quality and service... specify G | = me = Fe A L Cc A 3 L. E 
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si Cabinet Design 








Periodic recalibration of your oscilloscope assures the high degree 
of measurement accuracy so important in research and development 
work. Your convenience in this infrequent but critical operation was 
the motivation behind the improved mechanical construction of 
these five laboratory oscilloscopes. Either side of the new cabinet 
can be lowered out of the way or quickly removed by merely releas- 
ing two quick-opening fasteners. No need to disconnect or move the 
instrument from its operating position. Internal adjustments and 
tube replacements are now really easy to make, enabling you to keep 
your oscilloscope at its peak of precision with a minimum of effort. 

These five oscilloscopes, although improved in appearance and 
accessibility, are unchanged electrically. The basic oscilloscope spe- 
cifications are such that one of the general-purpose plug-in vertical 
preamplifiers adapts the instruments to practically all ordinary ap- 
plications. Six additional plug-in units are available for the more 
specialized applications frequently encountered in many research 
and development activities. 


TYPE 541 OSCILLOSCOPE — dc to 30 mc with Fast-Rise Plug-In Unit. Cali- 

brated sweep range from 0.02 10-KV accelerating 
0.2-yusec signal delay, 4-cm linear vertical deflection, electronically 
regulated power supplies, Price, without 
plug-in units, $1145, 


TYPE 545 OSCILLOSCOPE — Some os Type 541 plus triggered and conven- 
tional sweep delay, rate pulse generator, and manual or electrical lock-out 
release for single triggered sweeps. Calibrated sweep-delay range, 1 sec to 
0.1 sec. Price, without plug-in units, $1450. 


TYPE 531 OSCILLOSCOPE — dc to 11 mc with Fast-Rise Plug-In Unit. 0.25- 
psec signal delay, 6-cm linear vertical deflection. Other characteristics same 
as Type 541, Price, without plug-in units, $995. 


psec/cm to 5 sec/cm,. 
potential 
square-wave amplitude calibrator. 


TYPE 535 OSCILLOSCOPE — Some os Type 531 plus sweep delay and other 
characteristics of the Type 545, Price, without plug-in units, $1300. 


TYPE 532 OSCILLOSCOPE — dc to 5 mc vertical response. Calibrated sweep 
range from 0.2 ysec/cm to 5 sec/cm. 4-KV accelerating potential, 8-cm 
linear vertical deflection, electronically regulated power supplies, square-wave 
amplitude calibrator. Price, without plug-in units, $825. 
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. 
SE three - piege cabinet 
lets you make internal adjust- 
ments faster, easier. Five pop- 
ular Tektronix Oscilloscopes 
»--TYpes 541, 545, 531, 535, and 
532...are now manufactured in 
this new mechanical form. 





a 


PLUG-IN PREAMPLIFIERS 


Type 53/54K Fast-Rise Unit 

Type 53/54A Wide-Band Unit 

Type 53/54B Wide-Band High-Gain Unit 
Type 53/54C Dual-Trace Fast-Rise Unit. - 

Type 53/54D High-Gain Differential Unit .... 
Type 53/54E Low-Level Differential Unit 

Type 53/54G Wide-Band Differential Unit 


$125 
85 
125 
275 
145 
165 
175 


Prices f.0.b. Portland, Oregon 


Your Tektronix Field Engineer or Rep- 
resentative will be happy to furnish 
complete specifications and arrange a 
demonstration at your convenience, 











ENGINEERS — interested in fur- 
thering the advancement of the 
oscilloscope? We have openings 
for men with creative design abil- 
ity. Please write Richard Ropiequet, 
Vice President, Engineering. 


Tektronix, Inc. 


P. 0. Box 831 Portland 7, Oregon 


Phone CYpress 2-2611 « TWX-PD 265 « Cable: TEKTRONIX 
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uae CONTINENTAL 


POWER 
through 


CONTINENTAL 
tidied DRAWOUT SWITCHGEAR 


featuring, 
NEW “CORDON” 


Current Limiting 
Circuit Breakers 








New draw-out “Amp-Trap”, 
unusually compact current lim- 
iting fuse, makes combination 
breaker feasible. 


Compare for yourself. 


Write for detailed 
specifications today. 


CONTINENTAL 
SAY 


compact, 
low cost units 
with 100,000 amp 


interrupting rating 


This CONTINENTAL Low Voltage 
Switchgear offers attractive initial cost . . . 
plus a new protective device that solves 
high magnitude low-voltage short circuit 
current problem. 


“Cordon” current limiting Circuit Break- 
ers provide protection to 100,000 amp. 
rms interrupting rating, yet save you 
money. Add this important feature to the 
safety and economy of rigid, compact 
CONTINENTAL switchgear. . .the result 
is low cost, low maintenance equipment 
protecting you better than ever. 





DELIVERY: 6 WEEKS* 











ELECTRIC EQUIPMENT CO. 


203 West 4th Street Cincinnati 2, Ohio 


*Standardized units only, not requiring approval drawings. If approval drawings are required, add 2 weeks. 
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Systems 
Career: 


As a Field Engineer at Hughes, through 
training and assignment you will become 
familiar with the entire systems involved, 
including the most advanced electronic 
computers. With this knowledge you 
will be ideally situated to broaden your 
experience and learning for future appli- 
cation in either the military or commer- 
cial field. 

The national respect which Hughes 
commands in the field of advanced elec- 
tronics is in no small part due to the 
technical support provided by the Field 
Engineers. Other contributors to the suc- 


a 

laborator 

for 
learnin 


Some extra advantages for 


Field Engineers include: 


Training at full salary for 3 


months before assignment. 


Generous moving and_ travel 
- ; allowance between present loca- 
- » «an exciting and rewarding tion and Southern California 
career awaits the E.E. or Physics (Culver City) 
graduate who joins this highly hl 
respected Engineering team. Additional compensation _ plus 
complete travel and moving on 
assignments away from Culver 
City. 
cess of the Field Service and Support 
Division are the Technical Manuals 
Engineer, Training School Engineers, surpassed climate of Southern 


Ideal living conditions in the un- 


Technical Liaison Engineers, and Field California. 
Modification Engineers. 

This Hughes activity is a highly trained Reimbursement for after-hours 
organization of expert engineers, giving courses at UCLA, USC, or other 
support to the armed services and sa local universities. 
frame manufacturers using the company’s 
equipment. Locations are in Southern 
California, continental U.S., overseas. 
We invite you to join this team. For , 
further information write us at the ment plan, sick leave, and paid 


address bel yw. vacations. 


Employee group and health in- 


surance paid by company, retire- 





Scientific Staff Relations 
RESEARCH AND DEVELOPMENT LABORATORIES 
HUGHES AIRCRAFT COMPANY 
Culver City, California 
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K ()\/E RY ‘i F 
LUUYL Silicon Junction Diodes by Hughes 


DESIGN ENGINEERS—Hughes Semiconductors now offers a new family of silicon junction 
diodes—especially designed to provide you with a device having significantly faster recovery 
characteristics than even germanium computer diodes and, in addition, capable of operating at high 
voltages and high temperatures. For the first time, this particular combination of characteristics— 


(high speed + high temperature + high voltage)—is available in a semiconductor. 


Excellent high-fre« uency characteristics of the new diodes enable you to use them instead of 





vacuum or germanium diodes in such applications as: FLIP-FLOP CIRCUITS . . . MODULATORS 
AND DEMODULATORS . . . DISCRIMINATOR CIRCUITS . . . CLAMPING AND GATING 

CIRCUITS . . . DETECTORS. So, whenever you need a diode for pulse or computer circuitry to 
perform under conditions that are marginal for vacuum or germanium diodes, use the 


new QUICK RECOVERY Silicon Junction Diodes—by HUGHES! 


With a wide variety of germanium and silicon diode types 
available for computer and other fast switching applications, oe ; 

. over to 400K ohmis in one 
we are in a position impartially to recommend the best type on wher: eulictied tesa BOvak tareend 
for your particular requirements. Our field sales engineers to 35V reverse. Special types with faster 
near you are ready to assist you in making the best possible See oe ee Bin 
selection. For further details, or for spec ifications covering 
the new Quick Recovery Silicon Junction Diodes, write: From 30 to z 


ERATING TEMPERA 
=< —55°C to +135°C, 
Hi U G H = Ss 
ACTUAL SIZE, Dio 


gth: 0.265-inch, max. 


A DIVISION OF THE HUGHES AIRCRAFT COMPANY Diameter: 0.105-inch, max. 


TYPES NOW AVAILABLE 


HUGHES PRODUCTS IN625, IN626, IN627, IN628, IN629. 


SEMICONDUCTORS 
International Airport Station 





Los Angeles 45, California HUGHES 


nr tee 


SEMICONDUCTORS 
© 1956, H.A.C. 
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... any time you need 


INSULATED WIRES & CABLES 


Our product line includes: 


Aerial Cables 

Apparatus Wires and Cables 

Asbestos Insulated Wires 
and Cables 

Asbestos and Thermoplastic 
Insulated Wires and Cables 

Asbestos and V.C. Insulated 
Wires and Cables 

Elevator Control Cables 

Grounding Cables 

Heavy Duty Portable Cables 
and Cords 

High Voltage Cables 

Lead Sheathed Cables 

Line Wire 

Machine Tool Wires 

Mining Machine Cables 

Motor and Generator Leads 


Collyer 


Network Cables 
Neutral Supported 
Service Cables 
Non-Metallic Sheathed 
Cable (Cablex) 
Pole and Bracket Cables 
Resistol * Insulated and 
Sheathed Cables 
Rubber Insulated Power Cables 
Service Cables 
Station Control Cables 
Street Lighting Cables 
Switchboard Wires and Cables 
Tree Wire 
Underground Cables 
Varnished Cambric Insulated 
Wires and Cables 
Welding Cables 


*Resistol is Collyer’s Polyvinyl Thermoplastic 
Resin 


COLLYER INSULATED WIRE CO. 
245 ROOSEVELT AVE., PAWTUCKET, R. I. 
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Industrial Notes 


(Continued from page 14A) 
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Consolidated Electrodynamic Photo 


now available as optional features on the 
standard type 5-779 recording oscillograph 
made by Consolidated Electrodynamics 
Corporation, Pasadena, Calif. Through 
replacement or modification of all compo- 
nents subject to arcing, the new explosion- 
proof design has been developed in accord- 
ance with safety requirements of military 
aircraft specifications for hazardous loca- 
tions. The explosionproof model is for 
400-cycle, 200-volt, 3-phase operation 
only. The new flash timing system per- 
mits absolute timing through an internal or 
external pulse source, and is designed to 
synchronize timing lines from 2 to 100 re- 
motely located oscillographs. With the 
flash timing system, master units can con- 
trol up to ten slaves. Up to 100 units can 
be slaved by adding a cathode follower to 
the system. Full details on both modifica- 
tions are contained in CEC Bulletin 7536, 
available from Consolidated Electrody- 
namics Corporation, 300 N. Sierra Madre 
Villa, Pasadena, Calif. 


Enamel Finish. Phenolics, the dark- 
colored plastic materials familiarly used in 
telephone handsets, electric iron handles, 
and other appliance parts, can now be 
colored economically and permanently 
without the use of primers or multiple coats 
Chemists at Rexton Finishes, Inc., Irving- 
ton, N. J., have developed an industrial 
finish, based on Bakelite epoxy resins, which 
adheres firmly to the glossiest phenolic 
surfaces. With the development of the 
new finish, these manufacturers can have 
color in a single coat and still retain the 
exceptional quality advantages and pro- 
duction economies of molding with phe- 
nolics. Bakelite epoxy resins used in the 
new enamel are well known for their ad- 
hesive properties. While the new finish 
was developed especially for use on phe- 
nolics, it works equally well on steel, tin, 
brass, copper, aluminum, zinc, glass, wood, 
and many plastics. Two steel bars spray 
coated with the new enamel can be banged 
together until the metal dents without 
chipping the coating. The new enamel also 
retains the excellent heat, corrosion, chem- 
ical and abrasion resistant characteristics 


(Continued on page 52A) 
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LENIUM’? 


INTERNATIONAL'S Application Advisory Department 
a - gan solve this problem for your application! 
. - 1 , - 
. re = + 5 > %, 7 a . 


4 Se ae “ Sg 4 


Oo 
EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA « PHONE OREGON 8-628! 
G € 2 
SH ree IN CANADA: ATLAS RAL RP., LTD., 50 WINGOLD AVE. W., TORONTO, 


THE WORLD'S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS 
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FREED 
MIL-T-27A POWER, 


FILAMENT, PULSE MM [he answer to your Current project 


& AUDIO TRANSFORMERS 


FOR IMMEDIATE ...OF your next one... may be easier 
DELIVERY FROM STOCK with one of these 


summmmecacomlt Special-Application Instruments 


-] MIL 


a 


\ 


“ 
a 
E 


s E |Case 
<| > =| Size 
1785 |.070 |6.3/5| 2/ 6.3] 3] HA 
| 260 |.070 |6.3/5| 3] 4] 5B 
)245|.150 |6.3 | .o| 3] KB 
1318 /.175 [5.0 | .3] 8] LB 
345 |.250 |5.0 | 3/6. [ o| mB 
255 |.250 he 
[419 |.250 | i Nas tae 


1600] /|640|.250 | | [NB | 











FILAMENT TRANSFORMERS-STANDARD 
All primaries 105/115/125 v., 60 <.p.s. 
Secondary 

Volt | Amp 

25 | 3.0 

















| Block’g. Ose. 
Tint Coupl'g 


Pulse 
Voltage 
Kilovo.ts 


Low. Pow. Out. 
Duration 
Microseconds 


0.25/0.25/0.25 | 
0.25/0.25 | | } 2] 
“9808 —f 024s} 002]? | If you think Stromberg-Carlson makes telephones only for office 
0.5/0.5/0.5 0.5-2.0 . . 
05/05 | 052.0 | 02/2] or home conversation, you should know how many instruments 


71 0.7/0.7/0.7 05-1.5 | 


—a9707 0513 T0022] we offer for specialized jobs. 


1.0/1.0/1.0 0.7-3.5 | 


1.0/1.0 raat eeataty Shown above are just a handful, developed for somebody’s 


1.0/1.0/1.0 1.0-5.0 | 


15/015 03/03] 02.1.0} 004] « [0.71 700: special project. 
Suspended-type ’phones, great space-savers; used either in 
dial or manual service. 
Remote-control instruments, such as we make to work with 
estates : ry es dictating machines. “Press-to-talk,” “Press-to-receive” and 
Single or PP. Piates |, 0, | oe “Press-to-control” handsets, very popular in two-way radio 


— to Single or P.P. Grids 


[MGA [Line to Voice Coit applications. “1574” telephones, with a special 
|MGA3 [Line to Singte or P.P. Grids |i, key for transferring calls (or other functions) 


|MGAs | Line to Line Split from one line to another. 
7.6K 
4.8T 


|MGA6 Single Plate te Voice Coil | $y NEW CATALOGUE, with complete description of all 
|MGA7/ Single or P.P. Plates to Line|15K special-project instruments, sent you on request. Or 


petncnise! uhalbasaadiadecnra 24x for a specific problem, just write 
SC 
Send for further information on these units, or vy .. z 


MGA? P.P. Plates to Line 60K 
special designs. Also ask for complete weir 
laboratory test instrument catalog. 4 = 


FREED CAB 
wT | barter ninareninlivetineieninriyiaaaitiins: etal 


1718 Weirfield Street 
Brooklyn (Ridgewood) 27, New York Telecommunication Industrial Sales «125 Carison Rd. « Rochester 3, N.Y. 














All Case Sizes Al 


Impedance Cevont 


Max Level 
DBM 


MGAS Single Plate to Line 
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69 kv 
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Lapp POC BUSHINGS 


Te, a provide the operating security 
of totally-enclosed moisture-proof 
y ee design for ratings 15 kv to 69 kv 





Paper-oil is the insulation used for bushings, cables and potheads of 
the highest voltages and where the maximum in reliability and 
trouble-free performance is essential. To provide the same order of 
operating security to equipment used at 15 kv to 69 kv, Lapp has 


adopted this design of construction for its new series of POC Bush- 


ings (ASA-NEMA standard). 


CONDENSER-TYPE CORE, SURROUNDED BY OIL Ihe core is 
a condenser . . . multiple concentric layers of aluminum foil and 
kraft paper . . . which distributes voltage stress evenly throughout 
the insulation, to provide maximum insulation in smallest diameter. 
Impregnated with oil, the core is also entirely surrounded by oil, 


contained in a full-length porcelain-metal housing. 


G-LOADED COMPRESSION SEALING — Porcelain housings 
are Lapp Vacuum-process electrical porcelain. This inorganic 
material is non-tracking, will not deteriorate under leakage current. 
Leak-proof, moisture-proof sealing is accomplished by end-to-end 
spring-loading of compression gaskets 


COMI ETE RANGE RATIN 5 : D SIZES In five voltage 


ratings, 15 kv through 69 kv, Lapp POC Bushings are rated at 


“Tt 


1200 amps (with solid copper through-stud) and 400 amps (with 
draw-lead conduc tor) Six shank lengths in Cal h voltage class pro- 
vide for practically all new equipment and replacement needs 

At all rated voltages, Lapp POC Bushings are radio- and tele- 
vision-interference-free. They have a significantly low power factor, 
essentially unchanging under temperature or voltage variation 





The new Lapp bushing building. High-voltage Laboratory 
(at left) contains equipment for 60-cycle testing to 1,050,000 
volts, impulse testing to 2,250,000 volts, high-current testing to 
10,000 amps. The section of the building at the right is devoted 
to core-winding, processing and assembly of oil-filled bushings. 











Bee 
ee 
Another TRIANGLE multiple product Job 


eo 4 t | | 1 


Everything’s BIG in Texas — 


and now Houston has added another BIG 
$17,000,000 Building of Bank of the Southwest Opens Its Doors 


2,103,500 of TRIANGLE WIRE AND CABLE 
322.980 of TRIANGLE CONDUIT 


That’s how much top-quality Triangle footage went into the building. A 
sizeable order, by any standards, and delivered on time. 


Triangle Distributors are able to meet deadlines on big orders like this 
because Triangle’s 100% distributor policy means production is geared 
to distributors’ needs, assuring them of ample stocks to meet heavy de- 
livery schedules and emergencies. 


And every foot of Triangle material is top-quality because Triangle’s 
manufacturing plants are equipped with the most modern production 
machinery and laboratory facilities available . .. operated by men who 
know their jobs. 


That’s why those who know, specify TRIANGLE 
IT MUST BE RIGHT 





Bank of the Southwest. Its lobby. 

63,000 square feet, is the largest in 

America. This ultra-modern building 

covers an acre and a half and rises 

24 stories, The entire building is air 

conditioned by the largest electroni- 

cally controlled system in the country. Seis eenche 
ARCHITECT: Kenneth Franzheim in sndiebention Gonters 
ENGINEER: H. E, Bovay (mechanical : 

and electrical) 








GENERAL CONTRACTOR: W. S. Bellows 
ELECTRICAL CONTRACTOR: Fisk Elec- 
trie Co, 


The Trade Mark Ever aetna plants The Triangle Trademark 


is your guarantee of quality 


NEW BRUNSWICK, NEW JERSEY 


of TOP Quality 
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Keeping production 


on the move with 


On Ford assembly lines, automation starts with the press 
of a button. From the paint line (shown), 18 different body 
styles are automatically guided to various trim lines. As 
each body passes the operator, he channels it to the proper 
trim line simply by pressing a button. 

In textile mills, steel, paper or fabricating plants, 
Westinghouse pushbuttons are also on the job, guiding 
smooth-functioning lines of material to finished product 
stages. Doing it faster, better, and at a lower operating 
cost to you than ever before possible. 

From Westinghouse you can get precisely the right 
operator, enclosure, whatever you need—when you need it. 
Complete linesof standard-duty, heavy-duty, and Oil-Tite* 
pushbuttons are stock items with Westinghouse. 

Write to Westinghouse, Box 868, Pittsburgh 30, Pa., or 
see your nearby Westinghouse distributor for a copy of 
the new Pushbutton Guide, B-6749. *Trade-Mark 

J-30229 


WATCH WESTINGHOUSE! 


WHERE BIG THINGS ARE HAPPENING FOR YOU! 
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Overhead Cables 
for Distribution 


Up until the last decade practically all 
overhead distribution involved some 
form of open-wire construction. Prob- 
ably the most advantageous factor jus- 
tifying this procedure has been econo- 
my plus an acceptable experience rec- 
ord. Like everything else, times are 
changing so that it is no longer axio- 
matic that open-wire circuits must con- 
tinue to be used for overhead power 
distribution. Therefore, a brief story 
behind some of the modern cable de- 
signs for these applications may be of 
interest. 

The need for cable is unquestioned. 
Overcrowded poles, severe tree condi- 
tions, storms, public relations, regula- 
tion problems and appearance are some 
of the contributing reasons for this 
need. The cable industry in recognition 
of this need has developed suitable ca- 
ble products for almost every overhead 
distribution job and the Rome Cable 
Corporation has played a most active 
role in this progressive development. 
Cable costs have been so reduced by 
careful design and use of new materials 
that installed economies now closely 
approach open-wire construction in 
many instances. Today’s distribution 
engineer would be remiss if he did not 
at least consider an appropriate type of 
cable for his new or replacement over- 
head distribution circuits. Rome Cable 
is prepared to supply all of these prod- 
ucts and associated engineering services. 


Primaries 

There is a definite trend towards aerial 
cable in the 5 kv to 15 kv range but it is 
difficult to conclude whether this trend 
is more in factory-assembled or the 
field-assembled variety, since there are 
merits for each. 

In the 5 kv range the cost of cable 
compared to open-wire construction 
may not be too attractive when evalu- 
ated on the installed cost per mile of 
line, averaging approximately twice as 
much. In the 15 kv range this picture 
improves somewhat. However, if this 
comparison is based upon final installed 
cost per KVA this differential between 
cable and open wire is considerably 
narrowed. Naturally, there must be 
other determining reasons for using ca- 
ble, such as improved appearance, re- 
sistance to storms, less tree trimming, 
better voltage regulation and greater 
reliability. 

Preference for cable design in the 5 
kv rating utilizes ozone-resistant rub- 
ber insulation (such as Rome Cable 
RoZone) with a suitable nonmetallic 
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sheath (such as Rome Cable RoPrene 
or RoSeal) ... unshielded and relative- 
ly easy to hot tap, particularly when 
the cable incorporates the “‘reverse-lay” 
feature. Economic preference for cable 
designs for the higher primary voltages, 
utilizes the same grade of insulation on 
each conductor covered with a bronze 
tape which serves as a combined shield 
and armor but makes “hot tapping” 
difficult and hazardous. These and 
other cables may be supplied with in- 
sulated copper or aluminum power con- 
ductors all properly bound to the cor- 
rect Copperweld messenger as described 
in the new IPCEA-NEMA specifica- 
tions for aerial cable or an equivalent 
type. Installation procedures for fac- 
tory-assembled or field-spun cables are 
described in the technical literature as 
well as manufacturers’ catalogs. 


Secondaries 

Until quite recently there has been rel- 
atively little activity or interest in using 
cable for overhead secondaries but sev- 
eral utilities have been investigating 
and experimenting with either field- or 
factory-assembled cables for this appli- 
cation. Joint pole construction, elimin- 
ation of crossarms, reduction of hard- 
ware, ease of installation, improved ap- 
pearance, storm resistance, improved 
regulation and less tree trimming are 
some of the features to be realized, pro- 
vided final installed cost is not prohi- 
bitive. 

It is here that aluminum, at least for 
the phase conductors, seems to offer 
definite economic and technical advan- 
tages since the lighter weight is a most 
useful feature for line construction. 
With the advent of the now popular Tri- 
plex construction for service drops the 
idea of a similar factory-assembled ca- 
ble for secondaries has certain merits. 
For single-phase secondaries, this cable 
generally consists of two insulated alu- 
minum conductors (usually #1/0 or 
# 2/0 AWG aluminum) spiralled around 
a suitable neutral messenger. 

When this cable is used on conven- 
tional 150-foot pole spacings the service 
taps can be made at or near each pole 
with special fixtures now available. 
However, it is obvious that greater sav- 
ings are possible with increased pole 
spacings and “flying” midspan service 
taps made where possible or convenient. 
Prefabricated devices to accomplish 
these taps have been developed. Thus, 
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the combination of Triplex secondaries 
and services offer a new and advanta- 
geous construction idea at modest cost. 
When secondary sizes larger than 
#2/0 AWG are required, either spin- 
ning or a cable construction similar to 
primary aerial cable is suggested. 


Services 

The use of open-wire service drops is 
rapidly disappearing particularly in 
new construction and housing develop- 
ments. Service drop cable, Type SD, 
utilizing concentric neutral has been too 
costly to merit universal acceptance un- 
less some special feature such as re- 
duced theft possibility was desired. 
Nine years ago the Rome Cable Cor- 
poration introduced the now popular 
neutral or self-supported Triplex type 
of service drop cable. This design re- 
ceived almost instant acceptance and 
has proven highly satisfactory. The 
power conductors, insulated with poly- 
ethylene or Neoprene, are spiralled 
around a neutral messenger in accord- 
ance with IPCEA recommendations. 

Aluminum unquestionably offers eco- 
nomic and technical advantages for the 
power conductors and has become the 
general choice of metal for this partic- 
ular application. A popular neutral 
messenger has been a reduced size 
ACSR but the idea of hard-drawn cop- 
per has been gaining favor, particularly 
where there is planning towards Tri- 
plex secondaries with Copperweld mes- 
sengers in order to provide copper-to- 
copper contacts on the exposed neu- 
trals. Consideration of this ‘““combina- 
tion” design is suggested. 

For further information on Triplex 
services or secondaries we suggest you 
obtain Rome Cable Bulletins RS-5 and 
MST-1. 


Tree Wire 


This discussion would not be complete 
without some reference to so-called Tree 
Wire installed on insulators for over- 
head construction. For primaries and 
unusually important secondary circuits 
this product would cost considerably 
less than insulated cable and some- 
what more than weatherproof wire. 
Where extensive tree trimming is a 
problem or too costly the use of the 
newer low-cost special thermoplastic 
Tree Wire designs might be considered. 
Here, again, Rome Cable is ready with 
the information and the product. 


ROME CABLE CORPORATION, Rome, New York 
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THESE FEATURES MAKE 


DRAFT-A-MATIC 
WORLD’S FINEST 


@ All metal construction with baked- 
on finish. No warping. 


@ Velvoleum covered drafting plat- 
form adjustable 0 to 85. 


@ Height of entire unit adjustable 
from 30” to 39” at 1” intervals. 


@ Large center drawer. Locking in- 
strument tray. 


@ Shelf and storage drawer arrange- 
ments to suit individual needs. 


@ Large sliding reference shelf for 
extra convenience. 


® Designed for space-saving row 
installation. 


@ Accommodates parallel straight 
edge, drafting machine, lamp. 


@ Exclusive Fiexi-Belt and Roto-Posi- 
tioner delivers the work to the man 


When you install Draft-a-Matic you can conveniently 
accommodate one-third more draftsmen than with con 
ventional desks and equipment. 


The draftsman needs only to make a half turn in his 
comfortable, adjustable office chair and there at his 


gS ave Va B u a te é e f 4 oO oO r finger-tips are shelves for reference material, storage 


or file drawers and a sliding, Velvoleum covered work 


= shelf. Drawer and shelf arrangement is flexible and 

gS pace wit h t he can be tailored to individual needs or preference. 
Draft-a-Matic not only solves the space problem—it 
new boosts efficiency because the draftsman can perform 

his entire job while comfortably seated. 

To learn the many ways Draft-a-Matic can help reduce 
e rT 7. Wh T, your engineering costs, see it now at your local GF 
G T YW “{]- {1} IC. showroom, listed in the Yellow Pages. Or write for free 
8-page Draft-a-Matic booklet. The General Fireproof 
ing Company, Department L-60, Youngstown 1, Ohio 


PLASTIC SLIDE FASTENER 


ROTO-POSITIONER 


1. Drawing is affixed to endless vinyl plastic similar accessories. Drawing platform is 
belt. By merely turning Roto-Positioner covered with Mist Green Velvoleum. 
wheel, draftsman moves drawing into work- ; 
ingrangewhileremaining comfortably seated. 3. Draftsman is surrounded by storage space 
so arranged as to serve best his individual 
2. Draft-a-Matic will accommodate drafting requirements. This generally eliminates the ‘ 
machine, parallel straight edge, lamps and need for additional files and book shelves. S y 


SS ; 
GENERAL 
MODE-MAKER DESKS ® GOODFORM ALUMINUM CHAIRS 
SUPER-FILER MECHANIZED FILING EQUIPMENT ® GF ADJUSTABLE STEEL SHELVING 2858 > PROOFI ie 


Foremost in Metal Business Furniture 


GF metal business furniture is a GOOD investment 
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Dont Gamble With 


Cable Performance 


«-Dependon PUBLO! 


“Almost” is never enough when it comes to 


cable performances. You must be 100% certain 
the cable you select is custom-made to do the job 
your power engineering plans call for. You must 
know you can depend on cable performance in 
every respect. Many of America’s major users of 
cables have found they can depend on Phalo to 
produce exactly the cable needed. 

Send Phalo a copy of your cable “specs”. 
You'll discover a new kind of cable dependability. 


Ask For The Complete Phalo Catalog 


PHALO 


PLASTICS CORPORATION 


77 © F4 c 
The Custom Cable House 
25-E FOSTER STREET 
WORCESTER, MASSACHUSETTS 


insulated Wires, Cables - Cord Set Assemblies 
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Natural...Synthetic... Silicones 


SPECIALIZED 
BY EBERHARD 


PARTS 
FABER 


The Rubber Division of Eberhard Faber devel- 
ops and produces the quality parts you require 
from Natural Rubber, GRS, BUNA-N, Neoprene, 
Silicone. Rubber bonding of all types—specialty 
items molded, extruded or hand-built to your 
precise specifications, 

Write for blueprint and specification study, 
field inspection, and cost analysis. Address in- 
quiries to: Dr. E. A. Loy, Russer Drvision, 
Dept. EE-I],EBERHARD FABER Co., 47 CoLpEN 
STREET, NEwARK, NEw JERSEY. 


EBERWARD FABER 


RUBBER FOR INDUSTRY FOR 50 YEARS 
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Qualified Engineers! 


New York 


Sicaitiasinilaies asians 
* Wien an ngineering Societies 


Personnel Service 


Job Opportunities 


Chicago 


84 East Randolph Thousands of positions available 


with leading firms here and abroad 
Employer pays fee in many cases 


World wide contacts and 
Detroit affiliations 

100 Farnsworth 
Write for weekly E.S.P.S. 


Positions Bulletin 


See Personnel Section of this 
magazine for partial listing 


San Francisco aa jobs 


57 Post 


Register Today 
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4B TRANSFER SWITCHES help 


where POWER iS VITAL 





ASCO AUTOMATIC 


assure round-the-clock 
communications for 
Bell Telephone System 


Each day millions of voices and scores of television and radio 
programs are flashed through some 50,000 miles of Bell System 
radio relay channels. Transmission through this vital chain of 
communications must be constant to meet the needs of a growing 
and busy America. That’s why the Bell System has engineered 
complete safety and emergency features into many of its un- 
manned and often isolated radio relay stations. + 





Typical of these safety precautions are ASCO Transfer Switches 
which in case of failure of local power supply automatically trans- 
fer the load to an emergency power source. 


Dependable Control by ASCO 

Where power and dependability are vital, ASCO switches give 
these signal design advantages: * continuous duty rating in 
either normal or emergency position * capacity to withstand 
inrush currents 20 times full load rating * mechanical locking, 
providing high contact pressure « single coil design * built in 





° , ‘ ‘ SANS? 
time delay, so that equipment ignores harmless momentary out- << ses 
ages * full phase protection, and other design features. pe tt 
For these reasons, many engineers today specify ASCO — the one 

$ \ 


source for a full line of dependable automatic transfer switches. 
Write for Publication 596 describing how to select an adequate 
automatic transfer switch. 


Dependable Emergency Power | = ae 
aay is the ASCO hares Switch aguante at : - was 
ell’s Plainview, L. 1., radio relay station. / 








a 


aS = / 
ASCO Automatic Transfer Switch — Bulle- . \\ XxX 

tin 905. When normal power fails, this y — i __— 
Switch transfers the load to the emergency : 
source; the Switch will retransfer the load ; +> 
when normal is again in proper operating =F : tr. AK 7 
condition. Accessories permit delayed trans- - - . 
fer to emergency and retransfer to normal 
in order to attain system stabilization before * 
the selected source assumes the load. 























Important announcement... mew ASCO plant ‘ - 

now being built in Florham Park, N. J., will WAnt™ 
double production capacity and greatly extend : x > 

the range of our research, product development ; AR : 


and services. 


Automatic Switch Co. 


385E Lakeside Avenue, Orange, N. J. © ORange 2-5300 
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Circuit Breaker Company 


Instrument Transformers 


1-T-E 15 KV current 
f 2000- —_— 
saeuen cali _ 1-T-E 15 KV current 


transformer, WYE con- 
nected 14,400-110  Y. 
Cact l 


Epoxy Cacting Resin 


HYSOL 6800 has proved to be the best and most economical epoxy 
casting resin for I-T-E Instrument Transformers, in an exclusive process 


developed by I-T-E. 


When compared to other epoxies, HYSOL 6800, a highly filled hot 
melt, offers these outstanding features: 


® Meets the requirements of Specification 
MIL-1-16923B,Types B and C 


® Improved thermal shock resistance 
(—40°C to 130°C) 


® High dielectric strength 
@ Low coefficient of linear thermal expansion 
® Superior mechanical shock stability 
® Self-extinguishing properties 
® Good chemical resistance 


@ New economies 


Using HYSOL 6800, transformer design engineers have found they 
can achieve reduction in size and streamlined appearance heretofore 
impossible. 


Houghton Laboratories manufactures 
complete lines of Electrical Insulating 
Materials, Adhesives and Sealants, Tool- 
ing Materials and cast products as rod, 
sheet and tube. 


HOUGHTON LABORATORIES INC. 
OLEAN, NEW YORK 
In Canada 
HYSOL (Canada) LTD., TORONTO, 17 
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Industrial Notes 


(Continued from page 38A) 


normally associated with Bakelite epoxy 
resins. Air-dried pieces can be handled 
in about two hours. The fast cure means 
that the bottleneck at drying ovens can be 
eliminated or at least lessened. The possi- 
bility of curing with low or no heat opens up 
the fields of precision parts to color. The 
new enamel can be matched to any color or 
gloss. Previously molders had to shut 
down molding machines and clean them 
for every short run in a particular color. 
They can now keep the big machines run- 
ning continuously and do all the switching 
at the spray booths where color changes are 
easier to negotiate. In addition, an inven- 
tory of enamels is neither so expensive nor 
so cumbersome as an inventory of colored 
raw materials. Color range is now limited 
only by the user’s stock of enamels. 


NEW PRODUCTS 


POC Bushing. A series of new high volt- 
age bushings for transformers and circuit 
breakers at operating voltages of 15, 23, 
34.5, 46, and 69 kv is announced by the 
Lapp Insulator Company, Inc. Bushings 
23 kv through 69 kv conform with current 
American Standards Association-National 
Electrical Manufacturers Association Stand- 
ards. The bushing is a completely 
sealed paper-oil condenser (POC) type 
design with the condenser core entirely 
surrounded by oil and enclosed in a rugged 
porcelain-metal housing. Springloaded 
gaskets seal the assembly and protect the 
bushing from leakage and moisture. The 
bushing has no exposed core. The lower 
end of the core, below the aluminum ground 
sleeve, is covered permanently with a non- 
tracking porcelain housing. This pro- 
tects the core from deterioration by sealing 
out contamination and moisture. Bush- 
ings are radio and television interference 
free at rated voltage, have a significantly 


(Continued on page 68A) 
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1141 FINEST BREAKER 
Nee = EVER BUILT! 


wWZs 
1-POLE 2-POLE 3-POLE 











15-80 Ampe 198iiee 1560 Ruse 
ONE, TWO and THREE POLES G0 ANYWHERE UNLIMITED! 


Square D’s NEW 3-pole QO | Square D’s 2-pole QO Now extended 


to 70 Amperes for heavier loads! 





crashes the 3-phase price barrier! 


QO FEATURES SAME BREAKER...PANELBOARDS & LOADCENTERS 
One size per pole. No space penalty 
Plug-in mounting. No time-wasting screws 


Silver-plated connections equal to 
best bolted design 


Switches like a ““T”’ rated switch 
Temperature-corrected. No nuisance tripping 
Meets Federal Spec WP-131A—Class A 

Box lugs on line, load and neutral 


Rejection ‘‘ears’’ 
} 
prevent overprotecting mistakes 


NO CALL BACKS 1 Phase —3 Wire — Distributed Phase 
Write for QO Bulletin. Address Square D Company, 3 Phase—4 Wire— Distributed Phase 
6060 Rivard Street, Detroit 11, Michigan. 2 THROUGH 42 CIRCUITS 


nNow...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


SQUARE J) COMPANY 
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SNe) LT 30 Standard 


POWER U.L. Approved 
RECTIFIERS Models 


Mag-Amp Control 
Stable, Fast 
15 to 1500 amps 


® Stationary or Mobile Types 
¢ For Hangars, Air Fields, Missiles 
® For Factories and Labs 
Write for interesting information to 
CHRISTIE ELECTRIC CORP. 
Formerly McCOLPIN-CHRISTIE CORP. 
27th Year of Rectifier Manufacturing 
3410 W. 67th St., Los Angeles 43, Calif. 
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You can rely upon 


KNOPP Standard 
Burden Sets... 


when 

testing 
instrument 
transformers 


The Knopp Standard Burden Type BSP-6; and the stand- 
Coden! of reliable ard burden Z is supplied in 
accuracy and stability and bur- Type BSP-7, two of which can 
dens that possess a freedom be used in parallel to obtain 
from stray fields and harmonics. ASA burden ZZ. Accuracy of 
Type BSC-5 provides in one resistance and inductance val- 


Sets offer 


unit all three ASA standard ues within 0.5 per cent. 


burdens for current transform- For full details about the 
ers for metering service, i.e., Knopp Standard Burden Sets, 


B-0.1, B-0.2, and B-0.5. For write today. 
potential transformers (120-v 


secondaries), two sets are of- KNOPP 
fered. The three burdens, W, NOPP INC. 


X, and Y, are combined in 4287 Holden St., Oakland 8, Calif. 
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WHITE GLAZED 


PORCELAIN 


\ 


@ ‘Here are two typical examples 
of Universal white glazed porcelain 
parts. Designed to customers’ require 

ments these pieces utilize bosses to prevent 
flashover of high voltage connections. These 
units are made !o close dimension tolerances 
and have a uniform body density. Arcing will not char them 
ror will they be affected by chemical fumes, moisture, heat 
or cold 
If you need trouble - free insulators, send your. specs to 


Universal 


THE UNIVERSAL (77> CLAY PRODUCTS CO. 


1560 EAST FIRST STREET SANDUSKY, OHIO 





"Se 
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"=" NEW METER-RELAYS 
FROM 0-5 MICROAMPERES -UP 


Ruggedized-Sealed—Black Bakelite—Clear Plastic Cases 
D'Arsonval indicating meters with built-in locking contacts 
for sensitive and accurate control or alarm 





TRIP POINT ADJUSTABLE to any point of 
scale arc. Sensitive to changes as little 
os 1%. One contact carried on moving 
pointer. The other on an adjustable 
pointer. When two pointers meet, con- 
tacts close and lock. Holding coil is 
wound directly over moving coil, lock- 
ing action is electro-magnetic. Reset can 
be manual or automatic. Spring action in 
contacts kicks them apart forcefully. Model 255-C, Single Contact, 
High Limit, 0-10 Volts OC 
$42.50 
Ranges from 0-5 microamperes or 0-5 
millivolts up, full scale. Temperature 
ranges from 0-300°F, (10 ohms external) 
have bimetal cold junction compensation. 
Standard Contact Rating 5 to 25 milli- 
amperes DC. Can be built up to 100 
milliamperes DC. 
Ruggedized-Sealed metal cases are 
242", 3%” and 4%” round, shock- 
mounted, gasket-sealed. 
Black Bakelite case, 41/2” rectangular. 
Clear Plastic cases are 22",3%”", and 
— 461-C, Double Contact 4%” rectangular. Maximum visibility and 
0-0-10 Microamps DC $83.25 lower coll. 
Panel meters and indicating pyrometers are also available in ruggedized- 
sealed, black bakelite or clear plastic cases. New 40-page catalog lists 
prices and specifications for meter-relays, meters, pyrometers and auto- 
matic controls using meter-relays. Write for Catalog 4-A, Assembly 
Products Inc., Chesterland 60, Ohio. HAmilton 3-4436 (West Coast: 
Desert Hot Springs 60, Calif. Phone: 4-3133 or 4-2453). 


Booth 106-7, Automation Show, Nov. 26-30, Trade Show Bldg., N. Y. C. 


ELECTRICAL ENGINEERING 





Save As Much As Half... 
Get Finest Protection... 
with THOREX ARRESTERS 


You can build a 230-kv Thorex lightning arrester on 
no more than these small bases. You don’t need any 
overhead or side external support. This is all there is 
to it! 

What do these simple bases cost compared to the ex- 
pense of designing, fabricating and erecting special 
steelwork? In other words, consider the ultimate low 
price of a Thorex arrester--sometimes hardly more than 
half the installed cost of supported types. 

And look at the simple, unobstructed, columnar form 
of the Thorex. It takes substantially less station “real 
estate” and reduces length of leads to protected equip- 
ment --a valuable asset. 

With low cost and convenience of the Thorex goes 
the best combination of basic protective characteristics 
you can buy in a lightning arrester today. 


Save money with no penalty-- actually a 
premium -- by protecting your major appar- 
atus with Thorex lightning arresters. 


Bho Brads. 
MANSFIELD | | OHIO, U.S.A. 
J 


a 


és 
4632-H ae! 
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Solve Distribution Problems 
with SORGEL Substations 


“Packaged” Units for Indoor Installations 


Speeds Expansion and Earlier Production. SORGEL Sub- 
stations are shipped complete in one or more factory-assembled 
units, on a substantial steel base, completely wired and tested, 


cxpeuse of buying separately the transformers, switches, fuses, SORGEL transformers are particularly adaptable 
insulators, circuit breakers, and other accessories; thereby also for indoor installations; in hospitals, libraries, 


saving the extra labor cost and trouble when assembling and 


connecting on the job. schools, institutions, office buildings, and other 
Flexibility for Future Conditions. Being all self-contained ina ——_-gtructures where low sound levels are an 


single unit, the Substation can be readily moved from one location - 

to another. important factor. 
Saves Copper. The Substation can be placed near the load cen- 

ter, so that shorter secondary cables and smaller primary lines 

can be used. Improved voltage regulation and reduced line drop. 


Reduces Costly Power Interruption. By locating the Substa- 
tion at or near the load center, it restricts the power interruption 
to that area. Other areas, not affected, can continue operation. 
Years of Continuous Hard Service. The rugged construction, 
liberal design, expert craftsmanship, sound engineering, all em- 
bodied in SORGEL transformers, have given years of continuous 
severe service. 

Types. Either dry-type or Askarel-cooled transformers are 
available with any type or make of switchgear, or from any 
substation manufacturer. 


Engineered to meet 
your exact requirements 




















Not necessary to design or change 
your installation to fit a ‘‘standard” 








Sizes up to 3000 Kva. 500 Kva, 13,800 volt Askarel-cooled SORGEL transformer, with 
All voltages up to 15 KV. primary liquid filled switch, secondary meters, and circuit breakers. 


| spat Soe 
» ite So) 7.) ee SG 


2000 Kva 3-phase, 13,200 volts air cooled dry-type transformer, with primary switchgear, metering and secondary breakers. 





Sales Engineers in Principal Cities 
SORGEL ELECTRIC CO., 846 West National Ave., Milwaukee 4, Wisconsin 
40 years’ experience in the development, manufacturing and application of transformers 
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If you’re expecting to read another offer of career 


Opportunities presented on a silver platter, together 
with a certified rosy future neatly packaged in Fate- 
proof plastic—stop right here. 


On the other hand, if you realize that all the bright 
promises and special inducements in the world cannot 
alter the fact that hard work, ability, and the drive to 
apply them are the things that make and seize real 
opportunities—you’d do well to read on. 

Don’t get the idea, because of the foregoing, that we 
underrate ourselves in any way. Quite the contrary. 
We know that our work—design and development of 
nuclear weapons—is as important as any being done 
today. We know that our working conditions and 
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TO YOU 
THE MAN WITH 
CONFIDENCE IN 
HIS OWN 
ABILITY 


employee benefits are second to none. We know that 
we provide real opportunities for growth and advance- 
ment—for qualified people who have what it takes. 
We know, too, that living conditions at our locations 
—in terms of climate, housing, schools, recreation, 
and cultural facilities—are hard to match anywhere. 
At the same time, we know that it’s up to you to 
decide whether or not you agree with us. We also 
have the idea that it’s up to you to convince us of 
your ability. 

If you’d like to know more about us—our work, our 
background, and both our laboratories, one in Albu- 
querque and one near San Francisco, we'll be happy 
to send you our illustrated brochure that tells the whole 
story. Just write to Staff Employment Division 551. 


SAN DIA 


CORPORATION 


ALBUQUERQUE, NEW MEXICO 
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Whether for 2-foot-wide troffers of any length . . . or for 
large panels as shown above . . . the new HOLOPHANE 
No. 6024 PRISMALUME* is another tremendous step for- 
ward! . . . It produces maximum quantity of controlled 
light which provides complete visual comfort . . . Recom- 
mended for better fluorescent illumination of offices, 
showrooms, laboratories, stores, schools,—almost every 
form of modern installation...Write for detailed engineer- 
ing data on this remarkable new Holophane development. 


COMPANY, INC. 
Lighting Authorities Since 1898 


342 MADISON AVENUE, NEW YORK 17, N. Y. 


THE HOLOPHANE CO., LTD., THE QUEENSWAY, TORONTO 14, ONT. 
For more information circle 50 on reader service card. 








A TRIUMPH OF TELEPHONE TECHNOLOGY 


CLARENVILLE, NEWFOUNDLAND OBAN, SCOTLAND 















NAUTICAL MILES 
290 490, 690 ago 1090 1290 140016001800 









NAUTICAL MILES 






Contour of ocean bed where cable swiftly and clearly carries 36 conversations simultaneously. 
[his is deep-sea part of system — a joint enterprise of the American Telephone and Telegraph 






Company, British Post Office and Canadian Overseas Telecommunications Corporation. 







A great new telephone cable now links North America frequency band and efficient ways of overcoming huge 









and Europe—the first transoceanic cable to carry voices. attenuation losses over its more than 2000-mile span. The 
To make possible this historic forward step in world complex electronic apparatus must withstand the tre 

communications, Bell Laboratories scientists and engineers mendous pressures and stresses encountered on the ocean 

had to solve formidable new problems never encountered floor, far beyond adjustment or servicing for years to come. 

with previous cables, which carry only telegraph signals. Here are a few of the key developments that made 
To transmit voices clearly demanded a much wider this unique achievement possible: 
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BELL TELEPHONE LABORATORIES 


World center of communications research and development 









NOVEMBER 1956 For more information circle 51 on reader service card. 59A 











LOS ANGELES ( 








SAN FRANCISCO ¢ 


Se wa 


| SACRAMENTO ¢ 
Ji eo 
f SAN DIEGO ¢ 


TUCSON 
—x 
‘9 


~“ 




















You can SELECT 


Rn 


) WALTHAM 
) HARRISON | 


FINDLAY | ) MOORESTOWN 

















) CHERRY HILL 


MARION | ) ) CAMDEN 
a 





=] 


‘ 5 LANCASTER |-—~ 
Z 


ALEXANDRIA 





























t 
> 





ee 


COCOA BEACH 
Np 


\ 





“WORLD-WIDE 
_AOCATIONS 





at RCA! 





.-. New Opportunities ...17 + Locations... One Best For You And Your Family 


Can anyone but RCA offer you 

a choice of locations like this? 

At Camden, Moorestown or Cherry Hill, you enjoy 
cultural advantages of Greater Philadelphia, live at 
moderate cost in pleasant suburban communities. 
Waltham offers at-home opportunities for New 
England engineers. Four ideal West Coast loca- 
tions. Harrison borders on Greater New York. 
Lancaster, Marion and Findlay have small-town 
advantages. There’s pleasant year-round outdoor 
living in Cocoa Beach, on Florida’s central east 
coast. RCA Service Company and International 
Division assignments include ideal locations in the 
United States, and wherever RCA electronic 
equipments are installed and serviced throughout 
the world. 


Individual Recognition— 

RCA organizes engineering activities into groups 
small enough to allow broadest scope for your indi- 
vidual accomplishment. The average group has 
just 11 engineers. Yet, in all activities, you are 
supported by the entire facilities and engineering 
resources of RCA. 


Salaries— 

RCA engineering salaries average measurably 
higher than other companies’ in the field. Inter- 
mediate engineers, $5000-$8500; senior engineers, 
$8500-$15,000; staff and supervisory salaries open. 


Advancement-— 

Scheduled, objective appraisal of your work speeds 
promotion. Professional and financial progress is 
just as sure as your achievements make it. 


Professional Status— 

RCA bases world leadership in electronics on the 
abilities of exceptional men at every organizational 
level. Many have notable engineering and scien- 
tific reputations. You work in day-by-day associa- 
tion with men of this caliber. 


Benefits — 

There’s a complete program at RCA. A very liberal 
Tuition Refund Plan. Company-paid life, sickness 
and accident, hospital-surgical insurance for you 
and your family. Modern retirement plan. Reloca- 
tion expenses paid. Suggestion and patent awards. 





NOW, Pinpoint Your Future 


.--Here are the Opportunities! 
..-Here are the Locations! 





TYPE AND 


Electrical! | Mechanical | Physical Ceramics 


: : : Glass Technology 
Engineers Engineers Science Metallurgy 


FIELDS OF ENGINEERING ACTIVITY 
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® DESIGN « DEVELOPMENT 
MISSILE WEAPONS SYSTEMS—Planning and Design—Rador—Fire 
Control—Servo 
AVIATION ELECTRONICS—Radcr—Computers—Servo Mechanisms 
—Shock and Vibration—Circuitry—Remote Control—Heat Transfer— 
Sub - Miniaturization — Automatic — Automation — Transistorization 
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COMPUTERS—Systems— Advanced Development—Circuitry— Assembly 
Design — Mechanisms — Programming — Digital Data Handling Devices 


KINESCOPES (8B & W and Color), OSCILLOSCOPES— Electron 
Optics—instrumental Analysis—Solid States (Phosphors, High Tempera- 
ture Photosensitive Materials and Glass to Metal 
RECEIVING TUBES—Tube Design—Test and Application Engineering— 
Chemical and Physical Development—Methods and Process Engineering 
—Advanced 
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GAS, POWER AND PHOTO TUBES—Photosensitive Devices—Glass 

to Metal and VHF—Power 

COMMUNICATIONS — Specialized Systems — Microwave — Mobile 

— Aviation— Studies—Acoustics— Transducers 

BROADCAST AND TV—Monochrome and Color Studio Equipment— 
Power Transmitters 


© MACHINE DESIGN 


Mechanical and Electrical— Automatic or Semi-Automatic Machines . 


Locations: C—Camden, N.J. F—Cocoa Beach, Fla. H—Harrison, N.J. 1—Clark, N.J. (periodic foreign assignments). L—Lancaster, Pa. M— 
Moorestown, N.J. N — New York, N.Y. S — RCA Service Co. (Cherry Hill, N.J.; Alexandria, Va.; Tucson, Ariz.; San Diego, Sacramento, 
San Francisco, Calif., Foreign Assignments). W—Somerville, NJ. W—Waltham, Mass. K—West Los Angeles, Calif. Y—Marion, ind. 


Mr. John R. Weld, Employment Manager 


Please send resume of education and experience, with location preferred, to: Dept. A-14L, Radic Corporation of America 
30 Rockefeller Plaza, New York 20, N.Y. 


RADIO CORPORATION of AMERICA 


® Copyright 1956 Radio Corporation of America 








Working at the outer boundaries 
of knowledge 











New Research Laboratories in Parma, Ohio. To expand its pioneering work in solid 
state and chemical physics, National Carbon Company has enlarged its staff 
of scientists and provided them with an ideal laboratory setup for creative 
work. Typical of their pioneer experimentation is current work on the ‘fuel 
cell” — a new type of battery for producing electricity directly from gases, 
such as hydrogen and oxygen. This is part of a far-ranging research program 
on all types of batteries and their carbon components. 


Mechanized tweezers han- 
dle graphite crystal. To 
make it into a proper ex- 
perimental guinea pig, 
the fragile crystal must 
be painstakingly cut and 
mounted so that electri- 
cal flow can be measured 
along the unique crystal- 
line directions of graph- 
ite. Experiments with 
pure graphite crystals 
are important because 
all materials which we 
know as carbon and 
graphite are basically 
composed of the same 
graphite crystals being 
prepared here. Tremen- 
dous differences in elec- 
trical behavior and other 
vital properties can be 
traced to variation in 
size and arrangement of 
the graphite crystals in 
carbon products, 
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Graphite must pass good-conduct test. A tiny graphite 
crystal is chilled to within one degree of absolute 
zero, then held between poles of a powerful elec- 
tromagnet while electrical conductivity is mea- 
sured in each crystalline direction — one of many 
ways to learn more about carbon. 


The sky’s the limit for brush tests. This experimental 
chamber simulates atmospheric conditions from 
sea level up to stratospheric heights of ten miles 
or more, with controlled variations of tempera- 
tures and humidity, for development of carbon 
brushes to meet specific operating needs. 


break-through in 
carbon physics research 


promises future advances in carbon brushes for industry 


One more barrier is down. And science 
strides forward in the age-old quest for 
deeper knowledge of carbon, one of 
nature’s more complex puzzles. 

This barrier—the inability to get large 
graphite crystals pure enough for experi- 
mental needs—has now been overcome 
by researchers of National Carbon Com- 
pany. Their new annealing techniques, 
which remove impurities from large 
graphite crystals, also eliminate imper- 
fections and weaknesses in the crystal- 
line structure. 

Several research teams at the new 
Parma laboratories are exploiting this 
break-through of science. The purified 
crystals are being subjected to a variety 
of experimental tortures—electrical, mag- 


netic and thermal. Fundamental facts 
about the behavior of the single graphite 
crystal are being gathered and pieced 
together like jigsaw cutouts—building up 
a more complete and systematic picture. 
In this way, our scientists will be better 
able to predict the properties of new car- 
bon and graphite materials. 

The work on single graphite crystals 
is only one phase of a broad research 
program in carbon physics. Industrial 
users of carbon brushes or other carbon 
and graphite products, will share in the 
gains from this work of science at the 
outer boundaries of knowledge. Write for 
new booklet titled “Research,” telling 
more about the work at the new Parma 
laboratories. 


Look to NATIONAL CARBON 
for leadership in carbon and graphite products 


NATIONAL CARBON COMPANY ~ A Division of Union Carbide and Carbon Corporation (3 30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada; Union Carbide Canada Limited, Toronto 
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another example of exciting work at los alamos... 


DETECTION OF THE FREE NEUTRINO 


Working with the most modern technical equipment, a team of scientists 
of the Los Alamos Scientific Laboratory has recently demonstrated the 
existence of the free neutrino*. Such an experiment is the culmina- 

tion of work on the frontiers of physics, chemistry and electronics, in 
which the very latest advances in nuclear theory, scintillator 

development, and electronics are combined to achieve an important 
milestone in scientific progress. Teamwork of this kind is typical 

at the Los Alamos Scientific Laboratory, which welcomes applications 
for employment from qualified scientists and engineers. For more informa- 
tion, write: 


*C. L. Cowan, Jr., F. Reines, ° ° “7 
FB. Harrison. H. W. Kruse. Director of Scientific Personnel 


A.D. McGuire, Division 1414 


Science 124, 103 (1956) 
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‘| scientific laboratory 


\ OF THE UNIVERSITY OF CALIFORNIA 
e 


’ 


LOS ALAMOS, NEW MEXICO 


Los Alamos Scientific Laboratory is operated by 
the University of California for the U. S. 
Atomic Energy Commission. 
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HO + CdCI, 
(TARGET) 


LIQUID 
SCINTILLATION 
DETECTOR 


Bank of photomultiplier tubes used in the neutrino experiment. 
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Simple terminations—aluminum-sheathed cables are as simply ter- 
minated as conventional rubber-insulated control cables. For leads 
to motors and control apparatus, an aluminum sheath also provides 
a neat, space-saving installation. This photo shows optional Oko- 
sheath Protective Covering applied over aluminum sheath to combat 
on extremely corrosive atmosphere in this installation. 


Cue A Ee 


Easy installation—aluminum-sheathed cable is inherently rigid, yet 
see how easily it can be installed around pipes, heat exchangers, 
and other obstructions. Conduit is eliminated. Regular conduit clamps 
give all the support necessary for overhead installations. Note that 
aluminum sheath is seamless, providing a permanent moisture-proof 
barrier. 


new aluminum-sheathed cables eliminate conduit 


Many advantages are obtained from the addition 
of a seamless aluminum sheath over standard 
cable constructions. Virtually any Okonite cable 
—including rubber, plastic, varnished cambric 
and paper-insulated constructions—can now be 
obtained with an Okonite aluminum sheath. 


A list of the advantages resulting from this new 
technique is in the next column. For further 
information, write to The Okonite Company, 
eassaic, N. J. 
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no conduit—cuts installation time and costs 
eliminates pulling problems and possibility of 
damage to conductors 


high tensile strength and rigidity, yet easily 
bent with standard tools 


impervious barrier to liquids and vapors 
mechanically strong 

excellent flame resistance 

simple terminations 


small diameter, light weight 
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DC SOLAVOLT, shown partly disas- 
sembled here, has major components 
identified. It is designed for relay-rack 
mounting on a standard, 19’ frame or 
for bench use. Removable handles, for 
convenience when portability for bench 
use is desired, are available as accessory 
equipment. 


Unique combination of components in 
adjustable “DC Solavolt"” regulated power supply 
reduces conventional size, weight, and cost 


Compact size, low weight, high efficiency, and mod- 
erate price distinguish the new “DC Solavolt” from 
conventionally-designed, regulated, adjustable dc power 
supplies. These outstanding advantages have been 
secured by using a unique assembly of components 
(shown above) that occupy only 7” of height and 1214,” 
of depth on a standard, 19” relay rack frame. 

Along with design simplicity, the “DC Solavolt” pro- 
vides laboratory standards of performance: 

OUTPUT VOLTAGE REGULATED WITHIN +1% at full 
load with supply voltage variations up to +15%. 
(Regulation within +1.5% at 50% load and lowest 


voltage setting.) 


SOLA .. comes suvicses 


RIPPLE VOLTAGE HELD WITHIN 0.10% (rms) at full 
load and nominal input voltage. 

An important feature of this adjustable dc power 
supply is its ability to handle transient or “pulse” loads 
of up to twice the full load rating of the supply. The 
“DC Solavolt” has no tubes to replace, requires no 
“compensating” or “zero” adjustments, and needs no 
maintenance. 

Six stock models provide outputs adjustable in volt- 
age ranges between 5 and 400 volts and load currents 
up to 7 amperes. Your local electronic distributor now 
has the “DC Solavolt” in stock. He will be happy to 
give you further, technical information. 


Write for Bulletin 5K-DC-245 
SOLA ELECTRIC CO. 
4633 W. 16th Street 

Chicago 50, Illinois 


CONSTANT VOLTAGE TRANSFORMERS © FLUORESCENT LIGHTING BALLASTS © MERCURY VAPOR LIGHTING TRANSFORMERS 


SOLA ELECTRIC CO., 4633 West 16th Street, 


Chicago 50, Illinois, Bishop 2-1414 © NEW YORK 35: 103 E. 125th St., TRofalgar 6-6464 


PHILADELPHIA: Commercial Trust Bldg., Rittenhouse 6-4988 @ BOSTON: 272 Centre Street, Newton 58, Mass., Bigelow 4-3354 @ CLEVELAND 15: 
1836 Euclid Ave., PRospect 1-6400 © KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 © LOS ANGELES 23: 3138 E. Olympic Bivd., ANgelus 
9-9431 © SOLA ELECTRIC (CANADA) LTD., TORONTO 17, ONTARIO: 102 Laird Drive, Mayfair 4554 © Representatives in Other Principal Cities 





EW CASES-:- 
EW ADVANTAGES 


Bees METALLIC CASES 


* Tight-sealed with no rolled edges 
« minimum axial case length for 


MINIATURIZATION 
+ surface insulated against voltage 
breakdown 
+ precision shaped for multiple 
stacking of cores 


PHENOLIC CASES 


e Tight-sealed rigid core protection 
* free from case to coil capacitance 


* Tight-sealed with maximum temper- 
ature endurance 
« highest electrical insulation 


Selection of suitable encasement will assure better 
uniformity of magnetic Centricore properties. Review 
of present core specifications to new case types 
should be made NOW. Write for data and prices. 


Centricores—Magnetic-engineered since 1930 


O O 


NO ROLLED INSULATED 


EDGES 


O TIGHT-SEALED 


O RIGID CORE PROTECTION 





MAGNETIC METALS GomPANY 





ELECTROMAGNETIC CORES AND SHIELDS 


HAYES AVENUE AT 21st STREET - CAMDEN 1, NEW JERSEY 
A Circle 55 on the card. 





New Products 


(Continued from page 52A) 
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low power factor, and are nonchanging 
in storage or in service. This announce- 
ment follows an extended period of re- 
search and development. The adoption 
of paper-oil as the insulating member is 
based on the fact that the highest voltage 
bushings and those that have the best op- 
erating records are of this type. 


Item 56 on the card. 


Pencil Point Cleaner. The graphite dust 
that remains on the pencil point after 
each sharpening is removed from the point 
by the squeegee-like action of a rubber 
loop. This loop is fastened to a stainless 
steel point which is imbedded into the end 





RUBBER pans 


f 





of the sandpaper stick. When the sand- 
paper stick is to be discarded, the point 
is withdrawn and then pushed into the 
end of the new sandpaper stick. 


Item 57 on the card. 


Voltage Stabilizers. A series of constant 
voltage stabilizers are claimed by Acme 
Electric Corporation to have several fea- 
tures particularly significant to equipment 
engineered to extremely close voltage tol- 
erances. One example cited refers to 
electronic circuits where 6.3 volts are re- 
quired for filament heating. The +1 
per cent voltage tolerance, and complete 
recovery within two cycles would generally 
be of no significance to the performance 
required. Output voltage stabilization is 
automatically obtained by a_ parallel 
combination of a fixed capacitance and a 
magnetic core inductance to provide the 


(Continued on page 74A) 
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BRUSHES 


for D.C. ArcWelder 


Ohio Brush 

parts numbers 

?. have been as- 

~Y signed to the 

many and varied 

brushes required 

for all makes of 

D.C. arc welders. 

This has been done 

in each case with the 

proof in hand that we 

have the brush that will 

give long trouble-free life. 

Laboratory control from the 

raw material to the finished 

product assures uniformity in 

all characteristics from order 
to order. 


Ohio Carbon Catalog 15-A lists 
F welders alphabetically in the manu- 
$  facturers’ name and numerically in 
model, type and 
amps. Your letter- 
head request will 
bring you a copy 
by return mail. 


ORDER YOUR 
CARBON BRUSHES 
FROM A 
SINGLE 
SOURCE 


THE OHIO CARBON COMPANY 


A Circle 58 on the card. 
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BOOKS 


A MUST for Electrical Engineers! 


4 PROTECTIVE RELAYING 
By C. RUSSELL MASON, General Electric Co 

Here is a valuable source of clear, up-to-date information about the cmeiial principles of relay 
design and application, as well as a full and dependable reference with a new and different ap- 
proach and plenty of source material. A book of practical utility, it provides basic training that 
will prove useful to the application of protective relaying equipment of any manufacturer. One of 
a series written by General Electric authors for the advancement of engineering practice. 

1956. 410 pages. 244 illus. $12.00. 


2) LINEAR TRANSIENT ANALYSIS, Volume Il 


Two-Terminal-Pair Networks, Transmission Lines 

By ERNST WEBER, Polytechnic Institute of Brooklyn 
A systematic, comprehensive presentation of transient phenomena in passive and active two- 
terminal- pair networks, in filters, and in transmission lines. Although mathematical in nat 
the treatment stresses the physical background and the physical interpretation of a solution 
1956. 452 pages. 142 illus. $10.50. 


3) Volume |: Lumped-Parameter Two-Terminal Networks 


1954. 348 pages. Illus. $7.50. 


4) POWER SYSTEM STABILITY, Volume Ill 


Synchronous Machines 
By EDWARD WILSON KIMBARK, Seattle University 
This third and final volume of Power System Stability is a completely modern presentation of the 
theory of synchronous machines and their excitation systems. It discusses such effects as saliency, 
damping, saturation, and high-speed excitation, for a better understanding of power system sta- 
bility than has previously been available. 1956. 322 pages. 155 illus. $10.00. 


5) Volume |: Elements of Stability Calculations 
1948. 355 pages. 189 illus. $9.50. 


Power Circuit Breakers and Protective Relays 
1950. 280 pages. 152 illus. $9.50. 


7) APPLIED ELECTRICAL MEASUREMENTS 

By ISAAC FERN KINNARD, General Electric Co., with 14 contributors 
A single comprehensive volume covers the theory of measurements, measurements of electrical 
quantities, and measurements of non-electrical quantities by electrical means. One of a series 
written by General Electric authors for the advancement of engineering practice. 1956. 600 
pages. 417 illus, $15.00, 


8) SPHEROIDAL WAVE FUNCTIONS 


Including Tables of Separation Constants and Coefficients 


By J. A. STRATTON, P. M. MORSE, L. J. CHU, J. D. C. LITTLE, and F. J. CORBATO, all of The Massa- 
chusetts Institute of Technology 


This book deals with those spheroidal wave functions appropriate for prolate or oblate spheroidal 
boundaries. It includes a set of tables, computed, tabulated and printed automatically, which 
make certain calculations in applied physics, acoustics, and radar much more practicable. A 
Technology Press book, M.I.T. 1956. 613 pages. $12.50. 


9) CIRCUIT THEORY AND DESIGN 

By JOHN L. STEWART, California Institute of Technology 
An important new book which applies modern network theory to the understanding of vacuum 
tubes and feedback systems. It stresses pole-zero design methods, and contains careful treatment of 
many topics which are especially ae adjuncts to circuit design. 1956. 480 pages. 463 illus. 
$9.50. 


10) LEGAL PROBLEMS IN ENGINEERING 

By MELVIN NORD, Consultant in Law and Engineering 
Deals broadly and authoritatively with the aspects of law that most concern the engineer. The 
book features an unusual treatment of case material to illustrate the discussion and point up legal 
problems. 1956, 391 pages. $7.50. 


11) ELEMENTARY NUCLEAR THEORY 


Second Edition 
By HANS A. BETHE and PHILIP MORRISON, both of Cornell University 
Fully revised to include results of recent high-energy nuclear experiments. 1956. 
Illus. $6.25. 


6) Volume Il: 


274 pages. 


JOHN WILEY & SONS, Inc. 
440 Fourth Ave., New York 16, N. Y. 


Mail 
Please send me the book(s) circled to read and examine ON APPROV . _& 10 days I will return 
the book(s) and owe nothing, or I will remit the purchase price(s), plus postage. 


this coupon 8 € ese? CS we Ut 
for 


On-Approval 


. Zone State 
! ) ¢ 
copies: _) SAVE POSTAGI Check here if you ENCLOSE payment, in which case we pay postage 
Same return privilege, of course 
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What is reliability? 


Industry in the United States is becoming more 


and more complex... we’re getting automated 


... computers are computing... the missiles 


are flying... the digits are digitizing... 


Ps) 


And the word “Reliability” takes a new and 


different meaning... what does it mean to you? 


It’s time to stop and take a look! 

Ask three of your friends how they 

Se define “reliability?” You'll be sur- 
prised at the different answers you receive. And 


when you quiz them further on how much relia- 
bility is needed in a particular product... how 
they would control the design and manufacture 
of that product to obtain the amount of reliability 
they want... you'll be even more surprised by 
the variety of the answers. 

So...let’s define reliability. Let’s start off with 
a definition that is gaining the most acceptance in 
the technical field... 

The reliability of a particular component 
or system of components is the probability 
that it will do what it is supposed to do under 
operating conditions for a specified operat- 
ing time. 

Looks simple enough ! 

But what hazards it presents! The first impor- 
tant challenge is that word “probability”. . . it 
takes you seriously into the field of data collec- 
tion and statistical analysis. Then you check into 
the phrase “do what it is supposed to do”... some- 
one must define these objectives. And, look at the 
“operating conditions”... pause briefly and reflect 
on the many different conditions under which 
products operate. And, finally, note the phrase 
“for a specified operating time”... does one nor- 
mally, consciously, define reliability in terms of 
time ? 

These considerations pose problems for all of 
us...the manufacturers of components, those 
who assemble components into other products, 
systems personnel, designers, industrial engi- 
neers, production workers, purchasing agents, 
quality control...and users! 


For more information circle 60 on reader service card. 


Let’s look at the word “probability” 


Picture a chain, with its successive links. Many 
of today’s systems, simple or complex, comprise 
such a chain of components. However, as we all 
know, that chain will be only as reliable as its 
weakest link. And, statistically, the over-all reli- 
ability of the chain or system is the mathematical 
product of the reliabilities of the individual links 
expressed as... 


Over-all Reliability, Ro=ri x re x 3... 


As an example, assume a product has a chain 
of 100 components in which each component has 
a reliability of 99 per cent... which assumes that 
only one out of a hundred units of each compon- 
ent will fail. These are relatively high standards 
established by past practices. But what happens? 
Multiplying .99 by itself one hundred times 
(.99!) . note that our chain of components will 
have a reliability of only 36.5 per cent! Two out 
of three of our chains would probably fail! 


As another example, let’s look at contacts in a 
multi-contact electric connector. If, for instance, 
we are to assemble connectors containing 25 simi- 
lar contacts from a 1% defective contact popula- 
tion, we can expect 22% of the connector 
assemblies to contain one or more defective con- 
tacts! See how the multiplication of probabilities 
presents a major challenge to both designer and 
manufacturer ? 


But all is not lost! There is another side of the 
picture. With proper care, analysis, and control, 
our organization at Cannon has actually achieved, 
in special “missile quality” contacts, a known level 
of only 2.85 x 10°% defective...or one defec- 
tive part in 35,000! Naturally, we don’t achieve 
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that with all our contacts... but we do try to design and 
manufacture the utmost in reliability required for specific 
applications. 
However, to return to your problems and to go a step 
further in demonstrating “probability” of uncontrolled 
contacts .. . and the challenges it poses to you and to us... 
consider the case where we have three groups of contacts, 
each group with contacts of different sizes. Let us assume, 
also, that each group has different percentage defective pop- 
ulations and that the three groups are assembled in a 90- 
contact connector as follows: 
50 No. 16 contacts with a population reliability of .59; 
25 No. 12 contacts, reliability .60; and 15 No. 8 con- 
tacts, reliability .64. 

Then... 


Re 
(90 contact 
connector) 


= Ty16 X Tyi2 X Tye 


or, 


Re 
(90 contact 
connector ) 


—(.59) (60) (.64)=.23 


It is apparent from the above that connector contact 
populations must be maintained at extremely low values 
of percentage defective. This is of extremely vital impor- 
tance if we are to produce connector assemblies which will 
perform satisfactorily in systems utilizing series circuitry, 
where the failure of one contact pair can cause failure of 
the entire system. 

We have been talking only about a contact... just one 
of the many different materials and parts (such as contact 
pins, insulators, shells, and couplings) going into the more 
than 20,000 different connector and electrical items we 
manufacture. Think of the “product of reliabilities” rule 
in systems comprised of tens, hundreds, or thousands of 
electrical components connected by connectors such as 
ours. Regardless of whether they design, manufacture, sell, 
or use washing machines or guided missiles, everyone faces 
the same problem. That’s why we’re taking some of your 
valuable time to present the important subject of relia- 
bility here. 

x 


All of us, when we specify materials, parts 
or components must constantly keep in mind 
the (a) “probabilities; (b) what the part is 

supposed to do, (c) the operating conditions, and (d) the 
time it must operate satisfactorily. Let’s see what we can 
do to increase reliability in relation to these four factors : 

(a) Probabilities. To increase the reliability of any 
component, and thereby the system as a whole, it is nec- 
essary to think in terms of statistical distribution of im- 
portant physical properties. From field reports of failure 
and laboratory test results, we must first isolate those 
properties which most frequently cause trouble. It is then 
necessary to determine whether poor performance is due 
to lack of process control to keep the product within speci- 
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fied tolerance limits, whether the dollar sign has entered 
into the picture too far—cutting reliability down for the 
sake of a few cents here or there—or whether 
the design itself is inadequate for an end-use 
application. In any case, the use of the sta- 
tistical approach to problem solution offers a positive 
method of obtaining known levels of reliability. 

(b) Definition of Function of Product. Each com- 
ponent and each system... both civilian and military... 
in each different field of endeavor, in each product 
produced, has different functions. None of us should “over- 
build”... nor should we “under-build?’ We should look at 
our specifications closely. 

(c) Operating Conditions. Temperature and pressure, 
humidity, corrosive atmospheres, stray electric and mag- 
netic fields, low and high frequency noise, shock and vibra- 
tion... all must be considered plus conditions prior to 
product use. 

(d) Operating Time. This varies both for different 
products and different fields of application. Have you set 
reasonable lengths of operating time for your product or 
system, from the viewpoints of both usage and economics? 

* 


We at Cannon Electric are proud of our 

historical emphasis on quality and relia- 

bility. Since our inception in 1915 we have 
consistently adhered to a design philosophy embracing the 
highest quality and reliability in each Cannon Plug for the 
specific application for which it is to be used. /f we cannot 
design to that principle, we don’t make it! In manufacture, 
we are proud of our know-how in depth, proud of our fine 
quality control systems, proud of our personnel, and proud 
of our reliability control group. The “Cannon Credo”... 
part and parcel of the everyday life of each Cannon em- 
ployee... is posted in all offices and all departments of 
all eight Cannon plants around the world. Three of its 
sections read as follows: 

To develop an organization of exceptional people 
possessed of respect for the dignity of the individ- 
ual and imbued with the spirit of the team. 

To provide a facility with which we can produce 
to our utmost in an efficient and pleasant environ- 
ment, 

To develop and produce products of such qual- 
ity, and render such service, that we may always be 
proud of our efforts. 

* 

Whenever you have an electric connector reliability 

problem ...in design, engineering, production or proto- 


type phases ... we would welcome the opportunity of dis- 
cussing it with you. 


Cordially, 


li President 


CANNON ELectric COMPANY 
3208 Humboldt St., Los Angeles 31, California 


Please TA WIA — on hon ton 
se a GA Toad PLUS: 
Dept. ‘@ . = a 

Eight plants around the seven seas! 
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Write or Wire 
for complete 
Information on 
rates and 
coverage. 




















Consider 
Electrical Engineering 


A WORKING 
PARTNER 


When presenting your product to the 
electrical industry. 


with more than 


60.000 


Circulation 


The largest of any engineering periodical in the electrical field. Elec- 
trical Engineering is geared to do a big selling job for you. 


THE SCOPE OF MATERIAL COVERED INCLUDES 


Atomic Energy Electric Welding Insulation 
Automatic Stations Electrical Hazards Ilumination for Industry 
Basic Sciences Electrometallurgy and Science 
Chemical, Electrochemical & Electronics Land Transportation 
Electrothermal Applications Electric Heating Professional Activities 
Communication Electro Facsimile Machine Tools 
Cybernetics Transmission Marine Transportation 
ST aT Foreign Engineering Materials Processing 
Pees Developments Power Generation 
Applications Industrial Control Power Transmission and 
Education Devices Distribution 
Electric Machinery Industrial Power Protective Devices 
Electric Recording Applications Radie Engineering 
Electrical Techniques Instruments and Standardization 
Medicine and Biology Measurements Television 
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American Institute of Electrical Engineers, Advertising Department 
SUITE 13, Lower Level 


500 FIFTH AVENUE NEW YORK 36, N. Y. 
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For your Magnetic Shielding Problems... 


MUMETAL is the answer! 





Write for your copy 
‘““MAGNETIC MATERIALS” 


This 32-page book contains val- 
uable data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Illus- 
trated in full color, includes essen- 
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request. 


ADDRESS DEPT. EL-83 
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Mumetal shields will give instant 
relief to interference caused by 
extraneous magnetic fields. This 
material can cure many troubles— 
solve many a problem for you. 

Use it where high permeability is 
required at low flux densities, such 
as in input and microphone trans- 
formers, hearing aid diaphragms, 
instruments, wire and tape record- 
ers, etc. For properly heat treating 
Mumetal, we can also offer commer- 
cial hydrogen annealing facilities. 

A fund of technical data on shields 


and other applications for Alle- 
gheny Ludlum Mumetal is ayailable 
—let us help with your problems. 

In addition to Mumetal and other 
high-permeability alloys, we offer a 
range of magnetic and electrical 
alloys and steels that is unmatched 
in its completeness. Our services 
also include the most modern facili- 
ties for lamination fabrication ind 
heat treatment. @ Let us supply your 
requirements. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 


STEELMAKERS to the Electrical Industry 





Allegheny Ludlum 


Warehouse stocks of AL Stainless Steels carried by all Ryerson plants 


For more information circle 61 on reader service card. 


Stetig ror THE 
Electronic AGE 


wsw 6004 





| X-Y 
RECORDER 


| POINT 
FOLLOWER 4 PLOTTER 


1 | 
i CURVE | 
| 


MOSELEY 


AUTOGRAF 


trade mark 


Now offered in four versatile models, the 
Moseley AUTOGRAF X-Y recorder is a 
high quality, precision instrument providing 
economical means for plotting data quickly, 
easily, and accurately. It is widely used in 
research, development, and test laboratories 
where quantities of mechanical, physical 
and electrical data are being collected daily. 


Features include ranges from 5 millivolts 
to 500 volts; 200,000 ohms per volt input 
resistance; zero set and full scale zero off-set; 
speeds up to 2 second, full scale; better 
than 0.25% accuracy. 


A complete line of accessories is available 
for almost any data translation problem. 


Write for F.L.MOSELEY CO. 


complete 
specifications : 


MODEL 4 rack type — a a ae 


409 N. Fair Oaks Ave. 
Pasadena, California 


A Circle 62 on the card. 


TMT 
pus Contro 


RFL : 
Model 983 

OPERATES OVER 

WIRE CIRCUIT 


OR MICROWAVE 4 
wwe Voicon 


2:Way VOICE plus CONTROL 
Clear Voice Terminal 


and Provides two, reliable 

Reliable frequency shift control 
channels at 2800 & 3000 

Control cps isolated from voice 
s by filters. Isolation trans- 
formers allow connec- 

Frequency- tion to balanced wire cir- 

Shift cuits. Interchangeable 

iT plug-in components and 
Fail Safe printed circuit boards are 
Operation used in transmitter, re- 
ceiver and power supply 
sections. 

The VOICON is one 
of many RFL terminal 
units for control, tele- 
metering, teletype, voice 
4 or data transmission. 
Write for Technical and Application Data. 


Kadio Frequency 


LABORATORIES, INC. 
Boonton, New Jersey. U.S.A. 


A Circle 63 on the card. 








BIBLIOGRAPHY ON 
TESTING OF 
INSULATING MATERIALS 
AND SYSTEMS FOR 
THERMAL DEGRADATION 
(April 1956) 


A 


Z 


This bibliography, S-87, has 
been prepared under sponsor- 
ship of the AIEE Committee 
on Dielectrics. It represents a 
compilation of articles dealing 
with, or containing in part, 
discussion on measurements and 
techniques employed for an 
evaluation of thermal degra- 
dation characteristics of insula- 
tion materials, systems, or capaci- 
tors. The articles have been 
grouped into six categories for 
easy reference. Price: $0.50. 


Available from: Order Dept., 
AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS, 
33 West 39th Street, 
New York, N. Y. 
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New Products 
(Continued from page 68A) 


variable capacitive current. Voltage sta- 
bilization is further improved with a com- 
pensating winding to balance the output 
circuit, the manufacturer states, with the 
magnetic circuit so designed as to provide 
electrical isolation between input and out- 
put circuits. This new series of constant 
voltage stabilizers cannot be damaged by 
overloading. As the per cent of overload 
increases above rated value, the output 
voltage decreases until overload increases 
finally results in zero output voltage. 
Two styles of voltage stabilizers have 
been designed to application requirements. 
The 15, 25, and 50 volt-ampere units can 
be supplied with the output voltages of 
6.3 volts or 115 volts. Units of 100 to 
500 volt-ampere capacity are available 
with input of 95 to 130 volts and output 
of 115 volts. Catalogue CVS-308 de- 
scribes performance characteristics in de- 
tail. 
Item 64 on the card. 


Drum. A _ 300-pound fiber container, 
reputed to facilitate the use of X-73 ice 
remover and at the same time provide a 
minimum winter supply for small plants 
has been announced. Designed for easy 
moving by hand or power trucks, the 
drum is 24 inches wide. Consequently, 
X-73 can be readily shoveled or scooped 
from it. Another advantage of the drum 
by the Monroe Company, Inc., is that it 
permits pressure packing, thus greatly 
reducing the absorption of air moisture 
This makes possible the storage of X-73 
over extended periods without deteriora- 
tion. X-73 chemical pellets are applied 
by scattering lightly over icy surfaces. 
At temperatures from 0 to 20 F, it is re- 
puted to attain thawing capacity up to 
30 times that of salt. X-73 is suitable for 
shoveling, hand spreading, and use with 
either mechanical or motorized spreaders. 
It is recommended for use on loading docks, 
parking lots, steps, walks, drives, and high- 
ways. Other common usages are for 
keeping drains and gutters open and 
providing quick traction under spinning 
auto wheels. In addition to the 300-pound 
drums, X-73 is also offered in 100-pound 
drums. Ton and larger lots are shipped 
in sturdy, lined 100-pound bags. The 
product can also be transported in dump 
trucks or covered hopper cars. 


Item 65 on the card. 


‘‘Handy” Resuscitator. In critical emer- 
gencies, when the victim of a mishap may 
be seconds away from death, the portable- 
model ‘‘Handy” resuscitator can often 
avert tragedy. It has proved a lifesaver 
for those stricken by heart attacks or over- 
come by suffocation, as in drowning, carbon 
monoxide poison, electric shock, strangu- 
lation, and asthma. The resuscitator is 
dependable, simple to operate, and so 
light that it can be carried by one person. 
As a resuscitator, it automatically inhales 
and exhales for the patient being treated 
and automatically adjusts to his lung 
capacity. -As an aspirator, it furnishes 
sufficient suction to clear water, mucus, 


(Continued on page 706A) 
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DOUGLAS offers 


outstanding promotion 
opportunities for 
missiles 

engineers 











Great expansion 

in the Douglas 

Missile Division 

to accommodate 

nine separate missile 

projects has created 

many senior openings 

... will accelerate career 

advancement in this field 

for engineers and scientists. 

Fifteen years of missile 

development and design for the 

three major branches of the 

military have established Douglas 
leadership in this field. Among your 
associates will be men who have 
pioneered advanced developments 

in every missile category. You will 

be aided in every respect to enlarge 
your professional abilities. 

In addition to openings in the prime 
design facility at Santa Monica, 
opportunities also exist at other Douglas 
locations in Florida, New Mexico, North 
MISSILES BY ‘ Carolina and California. 


DOUGLAS — Fora personal interview, contact E. C. Kaliher. 
| . « Missiles Engineering Personnel Manager, Box 620Q 


Douglas Aircraft Company 





Santa Monica, California 


First in Aviation 
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\ ‘oer VOLTAGE 
BRUSH-HOLDERS CONTACTS COLLECTORS REGULATOR 
PILES New Products 





; 
(Continued from page 74A) 


re 
es 


BOE PEL tits LOO Se F 


; 


tor, it supplies oxygen to be absorbed by 
spontaneous respiration. The resuscitator 
| is employed with standard masks or, 


| 
| 
{} 


| or vomitus from the throat. As an inhala- 


| 





| through an adapter, with any size tube or 


| 





catheter for intubation or tracheotomy. 
The head can be readily removed and ster- 
ilized in boiling water. The compactly 
built breathing mechanism, small enough 
to fit in the palm of the hand, can be used 
200 feet away from the oxygen supply. 
This makes it possible to reach and revive 
accident victims in tunnels, tanks, and 
other hard-to-get-to places. The carrying 
case is made of a tough aluminum alloy 
and designed to stand up under hard 
service. It is impervious to moisture, 
grease, and stains. The case accommo- 

. d : 3 dates two standard “D” oxygen cylinders. 
Engineere Lf, HW Its weight without cylinders is 26 pounds 
for : a, Item 67 on the card. 


better 


brush t Miniature TV Camera. A cigar-shaped 


performance — t oy a Pa eo we tc A we i T & f television camera, called the ‘‘Peepsqueck”’ 





believed to be the world’s smallest, now 
opens a completely new era for indus- 
. p : . rial, scientific, edical televisi 

Selecting the right brush grade is no more important than trial, scientific, and medical television 

of ~ viewing. The new camera is less than six 
the selection of a well-designed, well-made brush-holder. inches long, measuring only 17/ inches in 
Actually, the problem of satisfactory brush operation is diameter. Its miniature size permits 
largely the mechanical problem of maintaining intimate con- thorough inside inspection of previously 


inaccessible areas. Equipped with two 
tact between the brush and the commutator. And Morganite sets of spring-loaded guide rollers, it 


brush-holders are engineered to do just that. | travels through pipes, tubing, walls, etc., 

3 : Z ! that have an inner diameter of 2%/, inches 
Morganite brush-holders are the result of exhaustive inves- Ht or more, and a bending radius of a mere 
tigation and tests. Every technical superiority discovered 14 inches. This remote-controlled unit 
during these tests have been incorporated into their design. contains a miniresistron and a number of 


. : , ° . subminiature tubes that serve as amplifying 
Our engineers will be glad to give you the benefit of their elements. A conical mirror accesory 


long experience in this field. Simply write us, giving all the i may be mounted three-quarters of an inch 
facts you can. | ahead of the lens combination to reflect 
the image of the inside walls. The image 


Hil received can be magnified up to 20 times 

since the focal length of the lens system 

ifi| is only one-half inch. The camera is 

i manufactured in West Germany by 

INCORPORATED tl Grundig Radio-Werke GmbH and _ is 

Manvfacturers of fine carbon-graphite products for fifty years. i marketed in the United States under the 


3308 48th Avenue, Long Island City 1, New York Hi] Grundig-Majestic trademark exclusively 
by Majestic International Corporation. 








Item 68 on the card. 





A Circle 66 on the card. (Continued on page 79A) 
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Allen-Bradley Co., 


In Cana 


ALLEN-BRADLEY 


Ja —Allen-Bradley 


1316 S. Second St., 


Canada Ltd 





in STANDARD-DUTY 
STATIONS 











THE CONTACT MECHANISM 
IS IN THE COVER! 


THESE 

ARE THE~ 
WIRING 
TERMINALS! 


Here's an entirely new idea in push button sta- 
tions—a wrap-around cover—with the contact 
mechanism part of the cover. Removing the cover 
exposes the terminals for instant and easy wiring. 
Strong, spring type, silver plated contacts con- 
nect the push button assembly in the cover with 
the terminals in the base. 

Matching ribs in the cover and notches in the 
terminal blocks assure that the wiring connections 
are always correctly made. A bakelite shield 


Bulletin 800 stand- 
ord-duty push 
button stations can 
be supplied with 
one, two, or three 


No skinned 
knuckles 





No cramped 
wiring 
space 


protects the contact mechanism and prevents 
careless wiring from interfering with the contact 
operation. Concentric knockouts are provided in 
both top and bottom of the heavy metal base. 

You will want to know about this new standard- 
duty station because—it is good looking—it 
takes less time to install—it was designed for the 
convenience of the installation engineer. 

Let us show you a sample of this “brand new 
idea” in standard-duty stations! 














buttons, or as a se- 
lector switch. Also 
available with pilot 
light. Furnished 


Milwaukee 4, Wis. 


(eT) A @laliolate 


1 enclosures. 





only in NEMA Type 


9-56-MR 








WEW veavy-vuty 


PUSH BUTTONS 


VEW FLEXIBILITY! N EW ENCLOSURES! 


Z You can assemble any special Each button, selector switch, or pilot light is a self- 
heavy-duty station from a small contained unit which can be mounted in attrac- 
ry stock of standard push button, tive new enclosures. Standard enclosures 
. . selector switch, and pilot light accommodate up to eight units, but 
components. There is no need enclosures can be furnished 
to wait for long delivery of your for larger 
special stations. numbers. 





Liars es 


Stations can be arranged for 
either vertical or horizontal 
mounting. Name plates can be 
rotated to any position, re- 
placed with any standard mark- 
ing, or removed entirely. 


- BINGO) Yo | 


ES 


CONTACT BLOCK! LW OPERATORS! 


Operators, which mount on the contact block, are available 
in many types, and push buttons come in various colors. 





Bulletin 800 heavy-duty push 
buttons have the same molded 
contact blocks that have 
proved so dependable in Bul- 


letin 800T oiltight push buttons, / we). be y 
although they are not them- | 

selves oiltight. And all of them ; 
are equipped with double C 


break, silver alloy contacts. 
Type AK2B flush head START Type DK6A mushroom head 


Above: View of contact block, button button 
showing terminals for normally - 
open and normally closed con- 
tacts. Right: Contact block, 
with cover removed, showing 
stationary silver alloy contacts 
and pushrod carrying the 
moving contacts. . Be 
Type PK16 pilot light with Type EK11B cylinder lock unit 
transformer 


9-56-MR 


ALLEN-BRADLEY. 





Allen-Bradley Co., 1316 S. Second St.; Milwaukee 4, Wis. In Canada—Allen-Bradley Canada Ltd., Galt, Ontario 














New Products 
(Continued from page 76A) 


Miniature Flexible Coupling. A minia- 
ture flexible coupling has been especially 
developed for subfractional horsepower 
motors and other small units. Typical 
subfractional motor applications include 
coding devices, radar equipment, film 
type and tape recorders, X-ray machines, 
actuators, laboratory test equipment, and 
aircraft components. Others are solenoid 
units in dispensing machines, coin operated 
devices, and similar equipment. Rated 
at 1/20 hp at 1,750 rpm, the full range is 
from 0.003 hp to 100 rpm to 0.103 at 
3,600 rpm. Dimensions are 5/8 inch 
O.D. by 3/4 inch over-all length. Bore 
sizes are 1/8 inch, 3/16 inch, 1/4 inch, 
and 5/8 inch. Bodies are standard in 
die cast aluminum but can also be fur- 
nished in brass. Spiders are one-piece 
spider type and are made from a resilient 
Buna-N compound. This compound is 
equal to rubber in elasticity, strength, 
resilience, and resistance to abrasion, yet 
is far superior in resistance to oils, chem- 
icals, heat, ozone, and aging. The minia- 
ture flexible coupling, by Lovejoy Flexible 
Coupling Company, never requires lubri- 
cation and is otherwise maintenance-free 
for the normal life of the equipment. 
There is no wear on the metal jaws, 
because the load is transmitted by cushion 
compression. 


Item 70 on the card. 


Mercury Lamp. A 1,000-watt mercury 
lamp with an interior phosphor reflector 
which directs two thirds of the light down- 
ward has been announced by the General 
Electric Company (GE) lamp division. 
The lamp, designated GE H1000 RC 15, 
has phosphor coating on the base half so 
that two thirds of its light output is di- 
rected down and one third up. Thus, less 
light is controlled by the external lighting 
fixture. The new lamp is 15!/1¢ inches 
long, has a mogul base, and is rated at 53,- 
000 lumens. It will be used in medium 
and high mounting in industrial installa- 
tions. A companion lamp, the H/000 
RC 72, will also be made. Its operating 
voltage is 135 volts, whereas the H/000 
RC 75 operates at 265 volts. Both lamps 
will utilize the same outer bulb and will 
have similar light distribution. 


item 71 on the card. 


Electric Heating “Peaks” and “‘Valleys”’ 
Cut. Two line voltage thermostats have 
been developed to take the uncomfortable 
hot “peaks” and cold “valleys” out of 
electric heating. One does it by fast 
cycling (up to 20 times per hour), the other 
by cycling only three to six times an hour 
The former, designated the 7-40, is ideal 
for low-mass, quick heating-quick cooling 
units, say engineers of Minneapolis- 
Honeywell Regulator Company who de- 
veloped both new instruments. The latter, 
called the 7-47, is better suited for large- 
mass, slow heating-slow cooling systems 
such as are used in ceiling and floor cable 
heating applications. Both instruments 
operate without supplemental relays or 
transformers. 


Item 72 on the card. 


(Continued on page 92A) 
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BIDDLE Vustrameat Yews 


BIDDLE IMPULSE 
CABLE FAULT LOCATING 
TRANSMITTER 
Model 5, 5 KV, 16 MUF 


[hose companies operating an appreciable 
amount of 600 volt cable should be partic- 
ularly interested in this recently developed 
transmitter. Those having cable in the 
2500 volt delta and 4000 volt wye insula- 
tion class will also find this transmitter 
well suited to their needs for proof testing 
and locating faults on important circuits. 
Similar applications include the proof test- 
ing and location of faults in drag cables 
such as used with electric shovels in strip 
mines. Still other applications include 
extensive lighting circuits such as used 
at airports and in highway lighting. 


BIDDLE IMPULSE CABLE 
FAULT LOCATOR EQUIPMENT 
NOW INCLUDES: 
Model 3, 25 KV, 1.65 MUF 
Model 4, 15 KV, 2.00 MUF 
Model 5, 5 KV, 16 MUF 
Model 2 Detector for use with each of the 
Transmitters 
Model | High Voltage Bridge and 


other accessories 


Write for Bulletin 65-EE. 





BIDDLE DIELECTRIC 
TEST SET MODEL 1-40 KV 


—for measuring d-c current at volt- 
ages up to 40 kv when applied to the 
insulation of such equipment as 
bushings 


generators, transformers, 


and cable. 


Carefully considered safety features. 
excellent output 
simple operation, compact design, and 
facilities for making voltage and current 
measurements at either polarity 
been incorporated in this test set. 

The set has a current rating of 25 
milliamperes at short circuit, and current 


voltage regulation, 


have 


measurements can be made down to 0.5 
microamperes which is the first division 
on the microammeter. 

Overall dimensions are: height 19% 
in., width 13% in., depth 20 in., weight 
120 Ibs. All high voltage components are 
oil immersed. 

For complete details, description, 
specifications. and prices, 
Bulletin 22-EEF. 


write tor 


James G. Biddle Co. 


1316 Arch St., Phila. 7, Pa. 
sentlemen: Please send me 


Bulletin 65 
Bulletin 22 


EE 
-EE 


OB FUNCTION 





OMPANY 





| ( 
os 
| 


ADDRESS 


JAMES G. BIDDLE Co. 


* ELECTRICAL 
SPEED 


TESTING 
MEASURING 


INSTRUMENTS 
INSTRUMENTS 


1316 ARCH STREET 
PHILADELPHIA 7, PA. 


* LABORATORY & SCIENTIFIC EQUIPMENT 


A Circle 73 on the card. 








Electrical engineers 


ENGINEERS FOR IMMEDIATE PLACEMENT Mechanical engineers 


Electronic engineers 
Computer engineers 


Solid-state physicists 
ENGINEERING AT NCR MEANS: 


IMMEDIATE, PERMANENT POSITIONS in Mechanical Engineering, Electrical Engineering and Physics 
Research Division. 

ENGINEERING PROJECT WORK in Adding Machines, Cash Registers, Accounting Machines, Computers and 
related Data Processing Equipment in Dayton, Los Angeles and Ithaca, New York. 

OPPORTUNITIES IN DESIGN, development, production-engineering and packaging of mechanical, electronic 
and electro-mechanical devices. 

SOME EXPERIENCE IN DEVELOPMENT, design and application of high-speed, light-weight mechanisms of 
the intermittent-motion type—or experience in digital devices and components is desirable, but not essential. 


AMPLE TRAINING and orientation is available to all employees. 


ENGINEERS 


AS AN NCR ENGINEER, YOU WITH YOUR FAMILY, WILL ENJOY: 


UNLIMITED OPPORTUNITY in the broad, ever-expanding field of Business Machine Engineering and Research. 
AN EXCELLENT SALARY, plus exceptional benefits of lifetime value for you and your family. 


A RECREATIONAL PROGRAM for year-round enjoyment for the entire family, including a new NCR Country 
Club with 36 holes of golf, and a 166-acre employees’ park for outings with swimming, boating and supervised 
play for children. 


LIVING IN DAYTON— an attractive, progressive city with outstanding school facilities. 


YOUR WORK AT NCR with its friendly, family atmosphere, where you work with people who, like yourself, 
have decided to build their professional future with NCR. 


Send resume of 

your education, experience 

ACT AT ONCE and geographic preference to: 
Employment Department, 


Professionai Personnel Section 3 


THE NATIONAL CASH REGISTER COMPANY « DAYTON 9 @ OHIO 
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CHALLENGING © 
OPPORTUNITIES 


IN ¢ Avionics ¢ Inertial Systems 
e Computers e Missile Guidance 
¢ Jet Engine Fuel Controls 


WITH & THE ELECTRONICS DIVISION OF 


Gonenal Motor 


ALL GRADUATE ENGINEERS are offered permanent job 
opportunities. We extend a cordial invitation to every deserving Engineer and Designer 
to write us their wants. We may be able to supply the square hole for the square peg! 

YOUR FUTURE depends on your making the right connection with the right firm as 
quickly as possible. 

The men hired will enjoy working with some of the top men in the field and with the 
finest test, research and development facilities. GM’s long-standing policy of decentral- 


ization creates individual opportunity and recognition. 


Why not send us full facts about your education, work background, etc 


We will do all we can to treat your application with the fullest confidence 


AC SPARK PLUG THE ELECTRONICS DIVISION 


GENERAL MOTORS CORPORATION 


MILWAUKEE 2, WIS. FLINT 2, MICH. 
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Dr. S. W. Herwald, Dr. Ernst J. Schubert, Dr. Peter A. Castruccio, Dr. James A. Stoops, Dr. R. F. J. Filipowsky, Dr. Yaohan Chu, M.1.T. Dr. Arthur Kahn, 

Univ. of Pittsburgh Univ. of Vienna Univ. of Genoa Univ. of Indiana Technical U. of Vienna Supervisory Engineer, Univ. of Indiana 
Manager, Fellow Engineer, Advisory Engineer, Senior Engineer, Advisory Engineer, Fixed Fire Control Engineering Psychologist, 
Air Arm Advanced Missile Sub-Systems Development Engineering Communications Projects System Analytical Section 
Division Development Project System Section Analytical Section Engineering Analysis Section Development Engineering 


Reuben Lee, B.S.E.E., Dr. L. G. F. Jones, 
West Virginia Univ. M.1.T. 
Advisory Engineer Advisory Engineer, 
in the field of Development Engineering 
transformers © 132 A Project 


Dr. M. Lauriente Dr. Robert E. Horn Dr. Andrew W. McCourt, Dr. K. N. Satyendra, Leang P. Yeh, M.S., Dr. Werner Rueggeberg, Dr. George Marsaglia, 
Johns Hopkins Univ Washington University Univ. of Pittsburgh Ill. Inst. of Technology, Harvard Univ. Johns Hopkins Univ. Ohio State Univ. 
Fellow Engineer Senior Engineer, Section Manager, Fellow Engineer Fellow Engineer, Fellow Engineer Senior Engineer, 


Conpensetetosaning, Development Engineering Development Engineering Development Engineering Communications Radar Equipment Development Engineering 


Standards Section Analytical Section 132 A Project Analytical Section Engineering Engineering Analytical Section 


ee ae is an engineer’s company. Its phenomenal 
growth has been a direct result of the company’s ability to attract the best 
engineering talent in the field—and to hold that talent with projects that 
offer an unparalleled challenge to their creative skills. 

The men shown here are characteristic of the outstanding engineers and 
scientists who have contributed to the company’s growth in the past... and 
who are pioneering its future growth into new dimensions where the only 
boundaries are the resources of the human mind. 

There’s room on this team for engineers who recognize the rewards which 
such a challenging concept brings. 


WES TINGHOUSE-BALTIMORE 


Lean More htbout Shese Opportunities 
Write to Dr. J. A. Medwin, Dept. 511 
Westinghouse Electric Corporation e¢ P.O. Box 746, Baltimore 3, Maryland 
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In Engineering, 
The Best Opportunities 


Are in Aviation. 
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In Aviation, 


The Best Opportunities 


Are at Temco. 





AIRCRAFT CORPORATION ¢ DALLAS 


Write: Joe W. Russell, Engineering 
Personnel, Dept. 170-B, Temco 
Aircraft Corporation, Box 


6191, Dallas, Texas 
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ENGINEERING SUPERVISOR 
Dynamics 

4-8 years experience in airframe 
dynamics in: compressible subsonic 
and supersonic flutter analysis on 
straight and swept wing vehicles, flut- 
ter model! techniques, vibration test- 
ing techniques. Desirable: experience 
in landing and gust response calcu- 
lations, carrier suitability analysis, 
ejection seat trajectory calculations. 
Advanced degree required 


SENIOR ENGINEER 

Dynamics 

Flutter Analysis 
3-5 years general flutter analysis ex- 
perience, including subsonic com- 
pressible and supersonic airforces for 
both straight and swept wing vehic- 
les. Advanced education desired in 
mathematics, physics, applied me- 
chanics, aeronautical or mechanical 
engineering. 


SENIOR ENGINEER 

Dynamics 

Model and Vibration Testing 
3-5 years experience in flutter model 
building and test, in addition to gen- 
eral flutter analysis experience. Ad- 


vanced degree desirable 


GROUP ENGINEER. 

Propulsion 
10-15 years experience in power 
plant design group of prime manu- 
facturer of military aircraft. Must be 
capable of directing design of power 
plant installation, heating and venti- 
lating system installation, and fuel 
system installation. 


SENIOR DESIGN ENGINEERS 


4-6 years design experience required 
in airframe, equipment or systems 
design for positions in wing, fuselage, 
furnishings, electrical and instru- 
ments, hydraulics, landing gear and 
controls. B.S. degree or equivalent 
desired in aeronautical, mechanical, 
civil engineering or physics 





ENGINEERS 


Electrical Engineers with three to ten years experience 
for responsible positions as Design, Project, and Assist- 
ant Project Engineers in the following fields: 


MISSILE GUIDANCE SYSTEMS—Vanguerd and ICBM type. 
NUCLEAR INSTRUMENTATION—Instrumentation and con- 


trol of nuclear elements. 


INDUSTRIAL CONTROL EQUIPMENT—Includes a wide 
variety of industrial control equipment such as synchronizers, 
machine tool controllers, automatic processing control units, 
D-C power supplies, etc. 


SERVO SYSTEMS—Have understanding of basic servo, 
simple electronics, and preferably the use of magnetic ampli- 
fiers in servo mechenisms. 


ARC WELDERS—Design of welders and accessory control 


units 


REGULATORS—Design both Speed and Voltage Regulators 


for commercial, military and aircraft application. 


TRANSFORMER AND MAGNETIC AMPLIFIER DESIGN 
—Electrical and mechanical design of transformers, saturable 
reactors, current transformers, filter chokes, and one to 100,000 
watt transformers. 


SEMI-CONDUCTORS—Broad background in semi-conductor 
field; to do research and development work on silicon diodes 
and selenium rectifiers; knowledge of production methods 
extremely desirable. 


MAGNETIC PARTICLE CLUTCHES M.E. OR E.E.—Have a 
fundamental knowledge of electrical engineering, particularly 
magnetic structures, together with experience in the mechani- 
cal aspects of construction of rotating machinery—bearings, 
heat transfer, etc 


PANEL LAYOUT AND ENCLOSURE DESIGN ENGINEER 
—Set standards, supervise and direct draftsmen, act as liaison 
between engineering and production in the packaging of 
highly varied and complex electrical control equipment (fol- 
lowing orientation period). Mature engineer under age 45 
with supervisory experience, preferably with E.E. degree. 


SALES ENGINEERS—Special electrical contro! equipment 
and components. Spend one to two years in our electrical 
engineering department as a training period prior to sales 
engineering. One with two years or more experience may 
enter directly into sales work. 


TECHNICAL WRITERS—For publications group; prepare 
literature (brochures, sales bulletins, and/or instruction manuals) 
on diversified electrical control equipment. Minimum of three 
years of electrical engineering or equivalent experience re- 
quired. Opportunity for eventual transfer to sales engineering 
or engineering design work, if desired. 


Write or call (Central 1-5830): 


Mr. Carl C, Schudde 
Director of Personnel 


VICKERS ELECTRIC DIVISION 
VICKERS INCORPORATED 


Unit of Sperry-Rand Corporation 
1815 Locust Street, St. Louis 3, Mo. 








Electrical Engineers 


WE WILL TRAIN YOU IN THE 

FIELD OF SERVOS AND CONTROLS 
An opportunity to broaden your experience while work- 
ing on high speed aircraft, missiles, or the EARTH 
SATELLITE. COMPANY SPONSORED EDUCA- 
TION PROGRAM. You will be trained in one of the 
following fields: 

SERVO ANALYSIS 

ANALOG COMPUTERS 

AUTO PILOT DESIGN & ANALYSIS 

INERTIAL NAVIGATION 

SATELLITE CONTROLS 

MAGNETIC AMPLIFIERS 


Contact Professional Employment Office 


MARTIN 


Baltimore 3, Maryland 











ENGINEERS NEEDED FOR 
RESEARCH AND DEVELOPMENT 
POSITIONS IN THE 


Design of electronic instrumentation for underwater 
ordnance, including high gain amplifiers, conventional 
filters, power amplifiers, oscillators and detectors in the 
ultrasonic range. 


Analytical and experimental treatment of scientific 
research problems in the fields of hydrodynamics, 
acoustics, electronics, network theory, servomechanisms, 
mechanics, information theory and noise analysis in- 
cluding analogue and digital computations. 


Design of transducers, fundamental problems in under- 
water acoustics involving transmission, attenuation, 
reflection, etc. Problems in sound control and noise 
reduction. Acoustical aspects of systems research in- 
cluding operations research and feasibility studies. 


University Faculty Appointments 
Opportunities for Graduate Study 
Liberal Vacation Policies 
Excellent Working Conditions 


THE PENNSYLVANIA STATE UNIVERSITY 
ORDANCE RESEARCH LABORATORY 
University Park, Pennsylvania 
Send Resume to ARNOLD ADDISON, Personnel Director 
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The Jet Propulsion Laboratory 


is a stable research and develop- 


ment center located to the north 


of Pasadena in the foothills of 


the San Gabriel mountains. 
Covering an area of 80 acres and 
employing 1550 people, it is close 
to attractive residential areas. 


The Laboratory is staffed by the 


California Institute of Tech- 


nology and develops its many 
projects in basic research under 
contract with the U.S. Gov’t. 


Qualified personnel employment 
inquiries now invited. 


JOB OPPORTUNITIES 


IN THESE FIELDS NO 
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IMPORTANT DEVELOPMENTS AT JPL 


Pioneers in Guidance Systems 


For many years the Jet Propulsion Labo- 


ratory has pioneered in the design and 
development of highly accurate missile 


guidance systems, utilizing the most ad- 


vanced types of gyroscopes, accelerometers 


and other precision electro-mechanical de- 
vices. These supply the reference informa- 
tion necessary to achieve the hitherto un- 
attainable target accuracies sought today. 


The eminent success of the early ‘‘Cor- 


poral’ missile flights shortly after World 
War II firmly established the Laboratory as 


a leader in the field of missile guidance. 


These flights also initiated experiments in 
volving both inertial and radio-command 
systems employing new concepts of radar 
communication. Because of this research 
and experimentation JPL has been able to 
add materially to the fund of knowledge 


availabie to designers of complex missile 
systems. 


This development activity is supported 
by basic research in all phases of elec- 
tronics, including microwaves and antennas, 
new circuit elements, communications and 
reliability in addition to other branches of 
science necessary to maintain a fully inte- 
grated missile research organization. 


The Jet Propulsion Laboratory, there- 
fore, provides many challenging opportu- 
nities to creative engineers wishing to ac- 
tively apply their abilities to the vital tech- 
nical problems that require immediate and 
future solution. 


We want to hear from men of proven abil- 
ity. If you are interested please send us 
your qualifications now. 





INSTRUMENTATION + APPLIED PHYSICS » DATA HANDLING » COMPUTERS 
TELEMETERING + RADIO AND INERTIAL GUIDANCE + GUIDANCE ANALYSIS 


SYSTEMS ANALYSIS + MICROWAVES + 


ELECTRO-MECHANICAL + PACKAGING 
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JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 


PASADENA 


CALIFORNIA 








Help develop the world’s first 
nuclear powered fleet 


Nuclear power offers tremendous advantage for 
naval vessels. From the fuel standpoint, cruising 
ranges are virtually unlimited—even at new high 
speeds. No refueling facilities will be required to 
replenish nuclear propulsion fuel. Therefore, the 
physical design of the fleet can be streamlined for 
greater efficiency and safety. 

At the country’s largest design-engineering center 
for nuclear power reactors, Bettis Plant in Pittsburgh, 
operated for the Atomic Energy Commission by 
Westinghouse, the application of nuclear power has 
progressed rapidly. However, the nuclear power 
plants already in operation today represent only the 
beginning of a new technological era. Major advances 
in many areas are necessary. 

Electrical engineers are concerned with the cir- 
cuitry that controls the actions of the reactor mech- 
anisms as well as some of the instrumentation that 
reports what is going on inside the nuclear reactor. 


To do this, Bettis Plant needs farsighted men. 
Regardless of your interest, you can choose a place 
in the varied operations at Bettis Plant. 

Atomic experience is not necessary. 

What’s more, Bettis Plant is in Pittsburgh’s 
South Hills. Here you can enjoy good living in 
pleasant suburbs near the plant, and still be conven- 
ient to one of the nation’s most progressive metro- 
politan areas. 

Educational opportunities are exceptional. West- 
inghouse helps you continue your studies at any one 
of three Pittsburgh universities. 


Write for descriptive brochure on 
opportunities in your field. Be sure 
to specify your interests. Address 
Mr. A. M. Johnston, Westinghouse 
Bettis Plant, Dept. A92, P.O. Box 1468, 
Pittsburgh 30, Pa. 


lomorrow's 
Opportunity 


BETTIS PLANT 
Westinghouse 
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An invitation to 


engineers who can 


qualify for large, 


liquid propellant 


Rocket Engine development 


Electrical and 
Electronic Engineers 


For work on: 


CONTROLS. Power distribution, unit sub-stations, 
switch-gear, protective devices, control circuits, 
and relay circuits. 


SERVOMECHANISMS. Automatic feedback controi 
systems using single and multiple loop systems, 
circuit analysis using Laplace Transform Meth- 
ods; digital and analog computer analyses, and 
magnetic amplifier control systems. 


INSTRUMENTATION. Digital data systems, mag- 


netic core circuitry, statistical application, 
magnetic amplifier, vibration studies, and in- 
strumentation development. 


TESTING. Design and operation of instrumenta- 
tion systems consisting of tape recorders, 
electronic pulse counting equipment, recording 
oscillographs and electronic recorders used in 
testing large rocket engines. Also design and 
operation of large electrical prime movers used 
in the development of large rocket engine 
pumps; and electrical control consoles used in 
static testing of large rocket engines. 


DESIGN ENGINEERS + RESEARCH ENGINEERS 
DEVELOPMENT ENGINEERS + TEST ENGINEERS 


For detailed information, please fill out and mail the coupon below. 
There is no obligation, and all replies are srictly confidential. 





ROCKETDYNE 


BUILDERS OF POWER FOR OUTER SPACE 


SS SS SS SaaS Sea S SSeS ewe 


Mr. A. W. Jamieson 

Rocketdyne Engineering Personnel Dept. | 1-EE 
6633 Canoga Avenue, Canoga Park, California 
Dear Mr. Jamieson 


Please tell me more about a career at ROCKETDYNE 
My name is 
Home Address 
| have a 


degree from 


And years actual engineering experience 
lam 
| am not enclosing a resume 
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Your tomorrow's ENVIRONMENT-FREE 
electric system G E N E R AT Oo R Ss 


waits today at J&H oil-cooled machines deliver full-rated output independent of 
Jack & Heintz aircraft speeds, ambients, altitudes 


Hee APA: 








a 4 





Shape designed for zero 
wave drag described in 
Aviation Age, June,1 956. 


Seven years of pioneering development at Jack & Heintz have produced avia- 
tion’s first ‘‘environment-free’’ generators. Permitting new size-weight- 
performance concepts for primary and special power systems, the J&H oil-cooled 
machines outrace the best contemporary units by a wide margin: 


* deliver full-rated power regardless of *enable lighter and simpler 
aircraft speeds, ambients, or altitudes installations 

*are smaller than any comparable * reduce drag by eliminating 
air-cooled units need for air ducts 


Scheduled for service on advanced aircraft, these J&H generators promise 
to be the ultimate approach to aircraft electric power. 


4 . 4 . 
‘Standardized’ Approach to Each Advanced Electric System 
Regardless of the flight plateau you are sighting, the J&H oil-cooled genera- 
tors, with the proper heat sink, offer an immediate solution to your electric 
power needs. This frees you of 
long lead times todevelop new = = 

omh .t sabe agent oe 7 ‘yd Representative J&H Oil-Cooled Generators 
snerators. Each <¢ anc 
ae pageant re wiliaasdge eget J&H Model 3051-004 30052-001 6129-1 31190 31192-003 6280-1 
flight conditions is met Nominal Rating -2.5kw 12.3kw 100 amps 40 kva 20kva 17 kva 
through adjustment of the Volts d-c  a-c,d-c 30 120/208 120/208 120/208 
sat cink 3 outputs 3 outputs 
heat sink. Ry Da 12,000 12,000 8,000. 6,000 8,000 12,000 
Confer with J&H special- Phase (cps) _ _ — 3 3 3 
ists. For basic design and Frequency (cps) _ —_ ol 400 400 400 
performance data, write to Power Sater tian) <a = 75 75 75 
Jack & Heintz, Inc., 17622 Weight (Ib) 70 36% 165*  100* 50 
Broadway, Cleveland 1, Ohio. henge tnd ; re = vae a6 1338 
. ‘ ~ iameter (in. . Fi . 9 ti 6 
Export De partment: 13 East eee Rienee ieee ieee tarae 
40th St., New York 16, N. Y. 


1956 by Jack & ileintz, Inc 


eJacK & H BE INDTZ AIRCRAFT ELECTRIC EQUIPMENT 
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Boeing “E.E.’s’” help design America’s first jet transport 


Pictured above is the full-scale cabin 


mock-up of the Boeing 707, America’s 
first jet transport. In developing this in- 
terior, Boeing engineers helped design 
features as advanced as the 600-mile-an- 
hour performance of the aircraft itself. 

Pioneering revolutionary new types of 
aircraft is one of the sources of excite 
that electrical 
engineers enjoy at Boeing. For the 707 


ment — and satisfaction 


cabin, “E.E.’s” developed a dramatic new 
kind of airliner lighting, an advanced 
public address system, and air condition 
ing controls that raise passenger comfort 
to new levels. Orders for the 707, along 
with a tremendous backlog of military 
contracts, assure Boeing expansion for 
years ahead. 

Growth is a Boeing habit. During the 
past 10 years, for instance, the number 
of Boeing engineers has increased 400%. 
Expansion at this rate spells job stability 
—and plenty of opportunity to move 
ahead. Boeing promotes from within, and 
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holds merit reviews every six months to 
give each engineer a personal opportu- 
nity for recognition, advancement and 
increased income. 

Boeing engineers don’t get lost in the 
crowd. They work in small integrated 
teams — on such projects, in addition to 
the 707, as the B-52 and B-47 jet 
bombers, the BOMARC IM-99 guided 
missile, the 502 gas turbine, and other 
dev elopments still under security w raps. 

Qualified engineers and scientists of 
all types are needed at Boeing — now. 
You'll find high starting salaries, and 
stimulating contact with men outstand 
ing in the world of engineering. Other 
advantages include liberal insurance and 
retirement plans, and a choice of modern, 
young-spirited communities in which to 
live. Boeing helps arrange special work 
schedules for engineers taking graduate 
studies, and pays all tuition and fees. 
You're missing a bet if you don’t at least 
find out how Boeing can help you get 


ahead in your engineering career. The 
coupon will bring you all details, so get 


it in the mail — today! 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Co., Dept. E-57, Seattle 24, Wash. 
F. B. WALLACE, Staff Engineer—Personnel 
Boeing Airplane Co., Dept. E-57, Wichita, Kansas 
A. J. BERRYMAN, Manager — Administration 
Boeing Airplane Co., Dept. E-57, Melbourne, Fla. 


Mail this coupon to the address above from 
which you desire further information about 
advantages of a Boeing career. 


Name_ 


College(s) Degree(s) Year(s) 
Address 


City Zone 


Telephone number 


BSOEMNM iF 


Aviation leadership since 1916 
SEATTLE, WASHINGTON WICHITA, KANSAS 
MELBOURNE, FLORIDA 
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This letter moved a man ahead 5 years 


Two years ago a man took 10 minutes to write this letter. Today he enjoys 
the responsibility and professional standing in the AUTONETICs Division of 
North American that might have taken 7 to 10 years to achieve in other fields. 


THE FIELD AT AUTONETICS—A FIELD OF OPPORTUNITY 

Now under way at AUTONETICS are nearly 100 projects, comprising 
some of the most advanced and progressive work being done today 
in the fields of Electronics, Electro-Mechanics, Control Engineering 
and Data Processing. 

You will work on automatic control systems of many kinds, for 
manned and unmanned vehicles. Every state of the art is represented, 
from preliminary conception right through flight testing. Facilities are 
the finest obtainable. Your colleagues will be men of ability and 
imagination, of the highest professional standing. 

The long-range potential in this field is truly limitless. The tech- 
niques being developed at AUTONETICS today will have the widest 
application in the industrial methods of tomorrow. 

You owe it to yourself to consider how far you can advance by 
entering this exceptionally promising field right now. Here are the 
opportunities: 


COMPUTER SPECIALISTS * COMPUTER APPLICATION ENGINEERS «+ 
ELECTRO-MECHANICAL DESIGNERS «+ ENVIRONMENTAL TEST ENGI- 
NEERS * ELECTRONIC COMPONENT EVALUATORS « INSTRUMENTATION 
ENGINEERS « FIRE CONTROL SYSTEMS ENGINEERS + FLIGHT CON- 
TROL SYSTEMS ENGINEERS « ELECTRONIC RESEARCH SPECIALISTS + 
AUTOMATIC CONTROLS ENGINEERS « ELECTRONIC ENGINEERING WRIT- 
ERS « INERTIAL INSTRUMENT DEVELOPMENT ENGINEERS « PRELIMI- 
NARY ANALYSIS AND DESIGN ENGINEERS « RELIABILITY SPECIALIST 


Write your letter today. Decide now to get the facts, so you can make the 
most of your potential. Just put your address and brief qualifications on 
paper—handwritten will be fine. Reply will be prompt, factual, confidential. 


Write: Mr. A. Brunetti, Autonetics Engineering Personnel, 
Dept. 991-11 EE, P.O. Box AN, Bellflower, California 


Autonetics 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
AUTOMATIC CONTR OLS MAN HAS Re VIER SUT ts BEF O'R E 
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An Engineer and his Family 
Enjoy Life in Upstate New York 


where he is associated with the 


Electronic Tube Division of 
WESTINGHOUSE ELECTRIC CORP. 


Elmira, N. Y. 


Engineers change jobs for many reasons. 
Here is a typical example of the reasons 
why many engineers have selected the 
Westinghouse Electronic Tube Division in 
Elmira, N. Y. as the place to advance their 
engineering careers, and why they like the 
Elmira area as a place for pleasant family 
living: 

“It took me sev- 
eral years to realize 
that selecting the 
right job in the right 
location is really a 
‘family affair.’’ Un- 
less the wife and 
kids are happy, too, 
there’s not much 
sense in_ sticking 
with a job...no 
matter how inter- 
esting the work is. 

*‘About a year ago, we decided that “‘big 
city” life was not doing our family any 
good. Marge had made a few good 
friends, but didn’t feel she had grown 
“roots.””> Our two youngsters, Billy and 
Linda, were nervous and high-strung 
with no good place to play. My salary was 
pretty fair, but the high cost of city living 
ate it up quickly. 

**That’s when I started looking around 
for an opportunity that would enable us 
to live in more congenial surroundings. 
We checked into several offerings, but none 
seemed to suit us. 

“Then I saw an ad for openings in the 
Westinghouse Electronic Tube Division in 
Elmira, N. Y. It sounded like the kind of 
work I wanted, so I phoned Bob Jarrett, 
the employment supervisor, and arranged 
for an interview. That was our lucky day! 

‘After traveling to Elmira and talking 
with Mr. Jarrett, I found that my E.E. 
degree and previous experience qualified 
me for a position in the Camera Tube 
Design Section. With a little instruction, 
I could qualify for several other jobs, too. 

‘Mr. Jarrett explained about the West- 
inghouse pension and insurance plan. It 
was the kind of protection I needed for my 
family. 
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‘He also told me there would be a 3% 
general increase in salary each Fall for the 
next three years, quarterly cost of living 
adjustments, and periodic review of my 
work to determine merit increases. Be- 
cause the Electronic Tube Division is new 
and expanding rapidly, the chances for 
promotion are unusually good. 

**T liked the looks of the clean little city, 
the attractive residential areas, and rolling 
wooded hills all around About a mile 
from the plant, I spotted a super golf course! 

‘When I asked Bob Jarrett about out- 
door activities, he said there was wonderfu! 
fishing, boating and swimming in the Finger 
Lakes, about 25 to 30 minutes’ drive. (Lots 
of Westinghouse folks have summer cot- 
tages there and commute to work 

*‘Well, to make a long story short, I re- 
ceived an offer through the mail in a few 
days that seemed mighty attractive. When I 
took Marge and the kids to see what Elmira 
was like, they fell in love with the place! 

**My work at Westinghouse this past year 
has been richly rewarding. Plenty of de- 
sign problems to challenge my engineering 
training and experience. Working to- 
gether as a team, my colleagues and I are 
making significant contributions in the 
field. I’m finally advancing my engineer- 
ing career 

**As for Marge and the kids, let her tell 
about that 

*‘Well, like most 
engineer’s wives, I’d 
be willing to live 
wherever Jim’s 
work took him. But 
when Billy and 
Linda came along, 
it was different. I 
wanted them to 
grow up in a com- 
munity where there 
were good schools, 
churches, and clean 
wholesome surroundings. 

‘When Jim accepted a position with the 
Westinghouse Electronic Tube Division 
and we moved to Elmira, I knew we had 
found exactly what we wanted. 


friendly and 
anxious to help us get acquainted. The 
folks at Westinghouse helped us locate a 


**Everyone seemed sO 


darling little home only minutes’ 
drive from doorstep to plant 

**T was invited to join the Newcomer’s 
Club. . .so I got acquainted quickly And 
we were soon made to feel at home in one 
of the many churches. 

‘**Elmira is large enough to have all kinds 
of organizations and cultural interests 
community concerts, Little Theatre, cam- 
era club, bird-watching, bowling, sailing 
Yet, it’s small enough 
to be close to fields and forests 


hiking and bridge. 


‘‘Jim seems so much more relaxed now 
He’s working hard at Westinghouse be- 
cause he loves it, but here he can enjoy 
the things he was missing in the “‘big city 

“I’ve found many fine places to shop 
modern department stores, super-markets, 
and everything! Our living costs are 
Jim grew a grand vegetable 


and I’n 


down, too. 
garden in our back yard getting 
interested in raising flowers 

“Both the children have grown 
and huskier since we left the “big city, 
and they’ve lost their high-strung temper- 
ament. 

**This is real family living, and we are all 
growing “‘roots’”’ in the community, thanks 
to Jim’s decision to work at Westinghouse.” 

. 

If you are interested in advancing 
your career in the electronics field, we 
invite you to submit information which 
may lead to an interview. At present 
we have opportunities for engineers in 
Tube Design and Development for Mi- 
crowave Tubes, Receiving Tubes, Pickup 
Devices, Power Tubes, Cathode Ray 
Tubes; Application Engineering, Elec- 
trical Equipment Design, Manufacturing 
Engineering, and Glass Engineering. 

In submitting information concerning 
your background, phone collect to West- 
inghouse Electronic Tube Division, El- 
mira 9-3611 and ask for Robert M. Jar- 
rett. (After 5 p.m. or weekends, phone 
collect Elmira 9-2360.) If you prefer, 
write a letter to Mr. Jarrett, Dept. L-22, 
giving basic information, and ask any 
questions you wish. 
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ENGINEERS 


ELECTRICAL AND MECHANICAL AND CHEMICAL 





Interesting positions affording unique opportunities for 
advancement for men with either training or experience 


Substation Design (E.E.) 

Distribution Planning (E.E.) 

System Planning and Protection (E.E.) 
Distribution Field Engineering (E.E.) 
Transmission Field Engineering (E.E.) 
Test Engineer sows: (M.E. or Ch.E.) 


PLANT 


EXCELLENT BENEFITS—lInsurance and Retirement with 
outstanding employment tenure for ability and diligence 





To apply for one of the above positions, please fill in 
the following: 


MIDDLE 


CITY-ZONE 


DATE OF BIRTH 





EDUCATION — GIVE COMPLETE DETAILS — USE SEPARATE SHEET IF NECESSARY 
ENCIRCLE 


LAST SCHOOL NAME-LOCATION LAST YEAR MAJOR COURSE DE- LAST YEAR 
ATTENDED OF SCHOOL COMPLETED AND OPTION GREE ATTENDED 


COLLEGE OR 1234 
UNIVERSITY 


OTHER 





EMPLOYMENT RECORD — POSITIONS HELD INCLUDING PRESENT 
USE SEPARATE SHEET IF NECESSARY 


NATURE OF REASON FOR 
NAME OF EMPLOYER LOCATION POSITION SALARY LEAVING 











POSITION PREFERRED 








MAIL TO 


PERSONNEL DEPARTMENT 
CENTRAL ILLINOIS PUBLIC SERVICE COMPANY 
ILLINOIS BUILDING —605 EAST ADAMS STREET 


SPRINGFIELD, ILLINOIS 


This information will be held in confidence 
Present Employer will not be contacted without your permission 











(Continued from page 79A) 


TRADE LITERATURE 


Book and Film. Despite the trend to 
direct-current drives in recent years, 
there are still those who consider direct- 
current outmoded, and who ask, “Why 
d-c?” To answer this query in under- 
standable, layman’s terms, the direct- 
current motor and generator department 
of General Electric Company, has pub- 
lished a nonpromotional 32-page booklet 
entitled “Why D-C?” Copies of this pub- 
lication may be had free of charge by writing 
the General Electric Company, Schenec- 
tady, N. Y., requesting publication GED- 
2868-S. Another new item presented by 
General Electric is a 30-minute sound and 
color motion picture “Goodbye Steve” 
to be shown to manufacturing and engi- 
neering audiences. The film is the latest 
in a series of productions in General Elec- 
tric’s “More Power to America’”’ program. 
It is part of a kit which includes a 52-page 
manual entitled ““The Power to Produce,” 
showing the unusual equipment invest- 
ment opportunities offered industrial man- 
agement by power distribution. The kit 
can be obtained through local electric 
utility companies or through the Apparatus 
Sales Division, Section 6-2/0, General 
Electric Company, Schenectady 5, N. Y. 


Transformer Instruction Booklet. The 
Moloney Electric Company has _ issued 
a transformer instruction booklet which 
should be of value to all those interested 
in distribution transformer maintenance 


and operation. The eight-page well-il- 
lustrated bulletin covers installation, op- 
eration, component parts, maintenance, 
and inspection of distribution type trans- 
formers in ratings of 250 to 500 Kva, 3- 
phase. This booklet, form DL-7, may 
be obtained by request on company letter- 
head to Moloney Electric Company, 
Advertising Department, 5390 Bircher 
Blvd., St. Louis, Mo. 


Electronic Timers. An 8-page brochure 
with current information and _ specifica- 
tions describing the standard line of elec- 
tronic timers manufactured by G. C. 
Wilson and Company, 1915-8th Ave., 
Huntington, W. Va., is now available. 
Included in this line are delay, repeat 
cycle, and interval timers. 


(Continued on page 96A) 


ELECTRICAL ENGINEERING 





NEW DEVELOPMENTS in flutter, vibration, 


electronics, many other specialized fields: 


You can accelerate your own career considerably 
by working with us on some of the most advanced 
problems in the aviation industry —the problems of 
high performance aircraft, supersonic and hyper- 
sonic designs of the present and the future. 

This high speed research includes design and 
test in Vibration, Aeroelastic and Flutter analyses, 
analog and digital computer techniques in Elec- 
tronics, and many more. 


EXCEPTIONAL OPPORTUNITIES NOW 


The opportunities at North American, Los 
Angeles Division, are many and varied. You work 
surrounded by activities of a highly interesting 
nature, using facilities of the most advanced type. 
You'll enjoy wide scope for your talents, and you'll 
particularly like the climate of individualism and 
team spirit that exists. Your associates will be 
people who respect your opinions and professional 
status. Check the openings listed below. 


OPENINGS ARE IMMEDIATE. PROFESSIONALLY QUALIFIED WOMEN ARE WELCOME 


Recent Aeronautical Engineering Graduates * Recent Mathematics Graduates (Women) « M. E. Graduates 
with Vibration Experience * Recent Electrical Graduates, for Lab. work « Experienced Flutter Engineers (Aero 
nautical, Mechanical Engineers, Physicists, Mathematicians) « Experienced Vibrations Engineers « Experi- 
enced Instrumentation Engineers, electrical background « Experienced Analog or Digital Computer Engineers, 
either Electrical, Mechanical or Aeronautical Engineers, or Physicists. Heavy analog experience desirable. 


ALSO NEEDED: Aerodynamicists, Systems Engineers, Instrumentation Engineers, 
Aero-Thermodynamicists, Aeroelastic Engineers, Cycle Analysis Engineers 


Contact Les Stevenson, Engineering Personnel Office, Dept. 56-11EE 
North American Aviation, Inc., Los Angeles 45, California 


North American Aviation, Inc. is doing research and development on the X-15, a manned 
aircraft for investigation of speeds and temperatures at very high altitudes. 


Los Angeles Division 


NORTH AMERICAN AVIATION, INC. 


NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 
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ENGINEERS: Electronic & Mechanical 
Physicists: 


Work where Md 


PERFORMANCE pays off 


Men of talent and drive can move ahead without delay or red 
tape at Melpar because skill, ability and performance are the 
primary factors governing advancement. Due to the fact that 
we've doubled in size every 18 months since our beginnings in 
1945, middle and top level positions open up constantly. 


Melpar believes that the engineer deserves an 
organization and facilities that can enhance his 
creative abilities. For this reason our labora- 
tories were designed and built to specifications 
prepared by Melpar engineers. A wealth of equip- 
ment is available. Our project group system 
enables the engineer to participate in all phases 
of development problems and thus quickly ac- 
quire greater technical and administrative know- 
how, essential to eventual managerial responsi- 
bility. The system also enables us to more 
accurately evaluate the individual’s contribution 
and more rapidly justify promotions, 


Live Where You LIKE It 


Living—for the whole family—is immensely rich 
in the two locales where Melpar’s R & D activities 
are centered. Our 265,000 sq. ft. main laboratory 
near Washington, D. C., enables you to live in an 
area enjoying incomparable cultural and recrea- 
tional advantages. The climate allows outdoor 
recreation 215 days of the year. Fine homes and 
apartments are available in all price ranges. 

Our Watertown and Boston, Mass. laboratories 
offer the unique advantages of cosmopolitan Bos- 
ton with its theatres, concerts, art galleries, mu- 
seums, universities and schools which are second 
to none. Nearby are seaside and mountain re- 


sorts offering a variety of winter and summer 
sports. 


Openings Exist in These Fields: 


Flight Simulators * Radar and Countermeasures ® Network 

Theory * Systems Evaluation * Microwave Techniques * Ana- 

log & Digital Computers * Magnetic Tape Handling * UHF, 

» VHF, or SHF Receivers ® Packaging Electronic Equipment 

~/ * Pulse Circuitry ® Microwave Filters ® Servomechanisms 

pay ' © Subminiaturization * Electro-Mechanical Design ® Small 
VU Mechanisms * Quality Control & Test Engineering 


Write for complete information. Qualified candidates will 
be invited to visit Melpar at Company expense. 


Write: Technical Personnel Representative 


MELPAR, /xc.- 


A Subsidiary of Westinghouse 
Air Brake Company (Ot Ae: 


3201 Arlington Bivd., Falls Church, Va. 
10 miles from Washington D. C. 





WANTED... 


Back copies of the January, 
February, March and April 
1955 issues of ELECTRICAL 
ENGINEERING. 


Please mail (via parcel post) 
to American Institute of 
Electrical Engineers, 33 W. 
39th St., New York 18, N. Y., 
printing your name and ad- 
dress upon the mailing wrap- 
per. Twenty-five cents, plus 
postage, will be paid for each 


copy returned. 








ELECTRICAL 
ENGINEERS 


Challenging positions open for 
high caliber Electrical Engi- 
neers to work in interesting 
research and development pro- 
grams in instrumentation and 
circuitry. 


We offer an opportunity to do 
non-routine research with some 
of the leading engineers in the 
field. This is an opportunity 
to be creative and experience 
satisfaction of accomplishment 
and contribution. 


Excellent employee benefits, 
good salary and working con- 
ditions. Please send complete 
resume to: 


E. P. Bloch 


ARMOUR RESEARCH 
FOUNDATION 
of 
IHinois Institute of Technology 
10 West 35th St. 
Chicago, [Illinois 











Openings also available at our laboratories in Watertown and Boston, Mass« —EE ——— — 
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SYMBOL OF AN ENGINEER’S FUTURE... 


RCA offers the opportunity for you to apply your engineering talents to its 
Missile Test Project at Patrick Air Force Base, Florida—‘*Launching Site 
of the Satellite.” 


Here at the world’s largest missile testing laboratory, extending from Florida 
far across the South Atlantic, youcan enjoy professional status with the recog- 
nized leader in electronics. Unprecedented growth opportunities are offered 
in various phases of data acquisition, transmission and processing, including 
Radar—Communications—Optics—Computers—Timing—Telemetry. 

At RCA’s Missile Test Project you will enjoy professional advancement 
combined with famous Florida living. You and your family will appreciate 
the ideal climate on Florida’s Central East Coast which allows year ’round 
outdoor activities. 


Let MTP become a symbol of your future! 





For complete information 
about this new and 
challenging field, write to: 


Mr. Wm. T. A. Baxter, 
Personnel Manager, Dept. N-9L. 
RCA Service Company, Inc. 
Missile Test Project 

P. O. Box 1226 

Melbourne, Florida 


MISSILE TEST PROJECT « MELBOURNE, FLORIDA 


NOVEMBER 1956 
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To the engineer capable 
of original thinking... 


Highly accurate AiResearch 
electronic amplifier used in precision 
analogue computer networks. Built 
to withstand 50 G’s vibration, has 
over 20 megohm input impedance 
and less than | ohm output 
impedance. 


v 
v 


The Garrett Corporation has 
built an outstanding reputation 
for pioneering because of engi- 
neers whose minds are not 
shackled to the past... or even 
the present. We concentrate on 
the future. 

If you’re the sort of engineer 
to whom an obstacle is only a 
challenge, you’ll be interested in 
working with us. You'll have the 
finest research and laboratory 
facilities at your disposal... 
have your choice of location 
among the Los Angeles, Phoenix 
and New York areas. 


All modern U.S. and many 


THE 


OIVISIONS 


AIRESEARCH MANUFACTURING, LOS ANGELES * AIRESEARCH MANUFACTURING, PHOENIX 


foreign aircraft are Garrett 
equipped. We have pioneered 
such fields as refrigeration 
systems, pneumatic valves and 
controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, 
cabin pressure controls, heat 
transfer equipment, electro- 
mechanical equipment, elec- 
tronic computers and controls. 

We are seeking engineers in 
all categories to help us advance 
our knowledge in these and other 
fields. Send resume of education 
and experience today to: Mr. G. 


D. Bradley 


CORPOR AT MDH 


9851 S. SEPULVEDA BLVD., LOS ANGELES 45, CALIFORNIA 


AIRESEARCH INDUSTRIAL * REX * AERO ENGINEERING 


AIRSUPPLY * AIR CRUISERS * AIRESEARCH AVIATION SERVICE 





Trade Literature 
(Continued from page 92A) 


Short Arc Lamps. A new manual ex- 
plains their application in searchlight, 
projection, and optical service. The book- 
let, according to W. B. Gero describes the 
various types of short-arc lamps, mercury, 
mercury-xenon, and lists their applica- 
tions. The manual also contains dia- 
grams of the various types of lamps and 
graphs of typical arc brightness curves. 
Complete technical data and operating 
instructions for short-arc lamps is included 
in the write-up. The arc brightness of 
these light sources exceeds that of any 
other existing lamp, ranging up to 400 
candlepower per square millimeter. They 
are designed for natural draft cooling and 
require no forced ventilation. The book- 
let, ‘Westinghouse Short-Arc Lamps” 
(CE-556), may be obtained by writing to 
the Westinghouse Lamp Division, Bloom- 
field, N. J. 


Plastics. A glossary of plastics terms has 
been published and is available on request 
to The Richardson Company, 2769 Lake 
Street, Melrose Park, III., manufacturer 
of molded and laminated plastics. The 
glossary lists about 85 definitions, including 
terms such as bonding strength, center 
expansion, delamination, flexural strength, 
postforming, and thermoplastic. 


Insulation Connectors. A 4-page hand- 
book supplement featuring a new series 
of simple, rugged Alden “IMI” (integral 
molded insulation) connectors is now avail- 
able from Alden Products Company, 
Brockton, Mass. These high voltage and 
multiwire connectors provide perfect strain 
relief on all leads, positive seal against 
moisture, prevention of arc-over, and 
corona suppression. The Alden “IMI’ 
technique provides, perhaps, the simplest 
construction possible in connectors to 
date. The entire connector assembly, 
contacts and leads with any supplementary 
circuitry or shielding means desirable, 
are molded with one shot into a finished 
connector. By choosing connector in- 
sulation of the same type as the wire in- 
sulation a homogeneous bond is made 
between wire and connector insulation. 
This can give the designer more compact 
connector designs for an infinite variety 
of contact layouts and connector functions, 
and makes possible completely molded 
unit cables. 


Design and Use Data on Ceramic Mag- 
nets. A review of the several characteristics 
of this relatively new permanent magnet 
material that are of special interest to 
product designers is given in Applied 
Magnetics vol. 4, no. 3, a publication of 
the Indiana Steel Products Company, 
Valparaiso, Ind. How the special prop- 
erties of Indox I have been used to advantage 
in such varying fields as electronics and 
toys and novelties also is discussed 
Copies of the publication will be sent to 
those who request it by writing the Indi- 
ana Steel Products Company, Department 
AM, Valparaiso, Ind. 
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Professional Engineering Directory 


Professional Engineering Directory Card 1” x 2” 12 times $120.00 





BLACK & VEATCH 
Consulting Engineers 
Electricity— W ater—Sewage— Industry 


Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway ‘Kansas City 2, Missouri 


INTERNATIONAL 
ENGINEERING COMPANY, INC. 
Engineers 
Investigations—Reports— Design 
Procurement—Field Engineering 
Domestic and Foreign 


74 New Montgomery St., 
San Francisco 5, Calif. 


MINER and MINER 


Consulting Engineers 
Incorporated 


Greeley Colorado 











DeLEUW, CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 
Industrial Plants—Grade Separations 
Railroads—Subways—Expressways 
Tunnels—Power Plants—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, II. 
79 McAllister St., SAN FRANCISCO 2, Calif. 








JACKSON & MORELAND, INC. 


Engineers and Consultants 


Design and Supervision of Construction 


Reporte—Exzaminations— Appraisals 
Machine Design—Technical Publications 
BOSTON NEW YORK 








Consult 


Z. H. POLACHEK 
Registered Patent Attorney 
1234 BROADWAY 
(At 31st St.) 
New York 1, N. Y. 
PHONE 
LO. 5-3088 











Electrical Testing 
Laboratories, Inc. 


Electrical, mechanical, photometric, radio- 
metric and chemical laboratories, rendering 
testing, research and associated services, 
including certification, inspections at factories 

and field investigations. 


2 East End Avenue at 79th St., New York 21 





q CONSULT THIS DIRECTORY 
when in need of specialized 


engineering service 








FRANCIS W. RINGER 
ASSOCIATES 
Consulting Corrosion Engineer 


7 Hampden Ave. MOhawk 42863 
Narberth (Suburban Phila.) Pa 








TRANSISTOR ENGINEERING 
S. Moskowitz D.D. Grieg N. J. Gottfried 
Product Transistorization, Complete Service in 
consulting, research, development and pro- 

uction on transistor circuitry, products and 
instruments. 


Electronic Research Associates, Inc. 


67 East Center Street, Nutley, N. J. 
NUtley 2-5410 


THE KULJIAN CORPORATION 


Engineers @ Constructors ¢ Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro, Diesel) 


Utility e Industrial e Chemical 
1200 NO. BROAD ST., PHILADELPHIA 21, PA 


SANDERSON & PORTER 


CONSTRUCTION 
REPORTS SURVEYS 


New York New York 








FREDERICK RESEARCH CORP. 
BETHESDA 14, MARYLAND 

Tel: Washington, D. C., OLiver 4-5897 
Research Studies, Evaluations, Specifications, 
Development, Engineering, Prototype Manu- 
facture, Technical Writing, Drafting Art Work’ 
Offset Printing—In fields related to Elec- 
tronics Test Equipment, Radio Interference, 
VHF-UHF Tuners and Circuits, Missiles, 
Electromechanical Systems and Components 





PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical * Mechanical 
Structural * Civil 
Crean? 


Thermodynamic * Architectural 


FIRST NATIONAL BANK BUILDING 
Pittsburgh 22, Pennsyivenie 


SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 














HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 


Design, Development and Manufacture 
of Transformers, Chokes, Etc. 


for the 
Electronics, Industrial and Allied Fields 
90 Magnolia St., Westbury, L.I., N.Y. 
WE-7-2933 








MEASUREMENTS CORP. 


RESEARCH & MANUFACTURING 
ENGINEERS 


Harry W. Houck Martial A. Honnell 
G. Robt. Mezger 
Specialists in the Design and 
Development of Electronic Test Instruments 


Boonton, N. J. 








The J. G. WHITE 
Engineering Corporation 
Design—Construction—Reports— 
Appraisals 


80 Broad Street NEW YORK 
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ELECTRICAL 
MECHANICAL 


Inertial 
Guidance 
System 

Program 


Enjoy Challenging Opportunities in the further development 


and systems testing of 


Inertial Guidance Systems and their 


Servo Loops in the most versatile laboratories in the country. 


Work with the top men in the field 
test, research and development facilities 
added in subu 
Expansion Program, 


and with the finest 
New plant being 
rban Milwaukee as a part of Major, Permanent, 


AC will provide financial assistance towards your Master's 


Degree 
University of Wisc 
GM’s long 


A Graduate Program 
ynsin, Milwaukee. 
standing policy of 
dividu 

Milwaukee offers ideal family liv- 
ing combining small town hospital- 

with every metropolitan shopping 
advantage 


iroral 
cultural 


inter- 
y send complete 


: 
r per sonal, conmetentied 


your localit 


Mr. John F. Heffinger 
Supervisor of Salaried Personnel 


ion creates in- 
al opportunity and recognition for each Engineer hired. 


decentralizat 


is available evenings at the 


Recent EE, ME 
Graduate 
Inquiries 

Also Invited 


THE ELECTRONICS DIVISION 


GENERAL MOTORS CORPORATION 


MILWAUKEE 2, WIS. 











CLASSIFIED ADVERTISING 


For help and situations wanted, $2.00 per line, 
minimum 5 lines, maximum 30 lines. Sale and 
purchase of used machinery etc., $2.50 per line 
Address orders to 
Classified Section, ELECTRICAL ENGINEER- 
ING, 500 Fifth Avenue, Suite 13, New York 36, 
N.Y 

When answering an advertisement, send all 
replies to box number specified, c/o ELECTRI- 
CAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y., unless other address is given 


not available to dealers 





Positions Open 


sINEER with gr iate 


r research and devel 


legree in electrical en 
pment work in small inst 
in Philadelphia specializ 
audio frequency responsi 
Box 440 


1anulacturing 
electro-mechanical 


company 
ices and dielectri easurements 


’R FESSOR OF ELECTRICAL ENGINEERING 

¢ and do research in the field of communications 
1ave Ph.D. teaching and research experien 
12,000 Write Box 468 


GRADUATE ASSISTANTSHIPS—are 
niversity in the south-east for September 19 Assist- 
nts may obtain a M.S. Degree in Electrical Engine 
g in twelve months Tuition free. Write Box 46‘ 


av ailat | a 


SALES REPRESENTATIVES WANTED—to sell 

yecial automation control panels, instrumentation, test 
p anels, explosion proof controls to both O.E.M., indus- 
trial and users. Well-rated, well-established firm now 
expanding fro ym Midwest. Many key East Coast and 
other territories open to qualified men. GEMCO 
ELEC TRIC ( COMPANY 25681 West Eight Mile Road, 
Detroit 19, Michigan 


PERMANENT STAFF POSITIONS IN’ ELEC- 
rRONICS open in Electrical Engineering Fall, 1956 at 
the South Dakota School of Mines and poe 

Rapid City, South Dakota. Ph.D prefer red but will 
consider M.S. degree. Expanding department to in- 
< ie graduate school. Ten month appointment, rank 
and salary commensurate with qualifications. Located 


98A 


n the Black Hills region of South Dakota 
Department of Electrical Engineering 


Write Head, 


Significant and chal- 


ELECTRONICS ENGINEERS 
ing programs in the fields of radar-aeronautical 
and electronics. The programs are categorized 
ad sense as follows: RADAR-AERONAUTICAL 
SYSTI MS—All-weather flight systems, radar control 
systems for airplanes and — flight control com- 
and specialized rad research. ELEC- 
TRONICS AND AU TOMATIC COMPUTERS 
nmunications and data processing systems electronic 
r puter techniques, flight simulators, with detailed 
electronic circuitry involved in these applications 
Cornell Aeronatutical Laboratory, Inc., 4467 Genessee 
Street, Buffalo 21, New York. 


OPPORTUNITIES IN TESTING 
EXPERIENCED ELECTRICAL ENGINEERS AND 
E.E. GRADUATES with small, well-established, em- 
ployee-owned company, offering usual benefits plus po- 
tential profit-sharing and stock ownership Interest- 
ing and important assignments covering broad range of 
testing, engineering analyses and inspection in electrical, 
lectromechanical and environmental fields on all 
kinds of electrical materials, instruments, apparatus and 
equipment. High order of personal responsibility in 
vork and client relationships. Also openings for en- 
gineers and specialists experienced in watthour meter 
1 instrument testing and calibration, component 
iluation, electrical appliances, air-conditioners, high- 
oltage cable . . . Openings for engineers and specialists 
familiar with in-plant cable testing and inspection, 
instrument and test apparatus checking and calibration’ 
in-plant audits of inspection, quality control, and specifi- 
cation compliance procedures. Please send resume of 

lucation and experience, stating age and salary re- 

1irements to Gordon Thompson, Chief Engineer, Elec- 
trical Testing Laboratories, Inc., 2 East End Avenue, 
New York 21, New York, Telephone, BUtterfield 8-2600 


FIELD FOR 


ELECTRICAL ENGINEER OR ENGINEERING 
PHYSICIST—recent graduate, major in illumination 
engineering and optics for training as assistant in photo- 
metric department of small but well established, em- 
ployee-owned independent laboratory. Many employee 
benefits including non-contributory retirement and 
profit-sharing. Stock purchase opportunity. Work in 
fields of photometric, radiometric, colorimetric and 
spectrophotometric measurements, determinations and 
analyses on all types of illuminants, materials and equip- 
ment. Considerable work with industry and technical 
societies on standards, specifications, testing procedures 
and criteria. Interesting, important and wide ranging 
assignments. If qualified please send resume of educa- 
tion and experience, stating age and salary requirements, 
to E. H. Salter, Electrical Testing Laboratories, Inc., 


2 East End Avenue, New York 21, New York, Telephone, 
BUtterfield 8-2600 


ENGINEERS—Openings in transformer design en- 
gineering and related apparatus, research and develop- 
ment in field of high voltage phenomena, studies of 
electrical properties of insulations, stress analysis and heat 
transfer. BS or MS degree in electrical or mechanical 
engineering. Experience up to five ‘we useful, but not 
essential. Write Foal Section, General Electric 
Company, Transformer Division, Pittsfield, Mass. 


ATTENTION ELECTRICAL ENGINEERS—who 
like outdoor sports and hobbies—Live in beautiful 
Minneapolis, City of Lakes; conveniently enjoy sailing, 
swimming, skating, skiing, fishing, photography, hunt- 
ing. ... .; and work for progressive manufacturer of 
large synchronous and induction motors, control and 
switchgear. Numerous positions open in Headquarters 
Sales and Service Departments with advancement 
opportunities either within department or into outside 
sales force. Excellent future for aggressive extrovert 
type men who prefer stimulating work and surroundings. 
Also immediate openings in outside sales offices and in 
Engineering Department for qualified men. Box 478. 


ENGINEER—for electric motor manufacturer. Ex- 
perienced, capable in design of standard and special 
motors. Box 479. 


APPLICATION ENGINEER—INDUSTRIAL CON- 
TROL—Nationally known manufacturer of industrial 
power control tubes offers excellent opportunity for 
graduate Electrical Engineer with some engineering ex- 
perience and an interest in industrial electronics and auto- 
matic control. Moderate travel requirements. Box 482 


DESIGN ENGINEERS-ELECTRICAL CABLE—In 
New Jersey—positions open with large insulated wire and 
cable manufacturer for engineers up to 35 years old with 
5 to 7 yearsexperience. Experience in design of rubber 
and paper insulated cables, high voltage cables, etc. 
Permanent positions. Salary commensurate with ex- 
perience. Write stating age, education, experience and 
salary desired. Box 483. 


INSTRUCTOR IN ELECTRICAL ENGINEERING 

preferably one with M.Sc degree and some industrial 
experience, to teach general electrical engineering sub- 
jects. Will consider one with only a B.Sc.E.E. degree if 
he is willing to work for M.Sc. degree. May start teach- 
ing immediately. Write Chairman, Department of 
Electrical Engineering, University of Nebraska, Lincoln 
8, Nebraska. 


CHIEF ENGINEER—ELECTROLYTIC CAPACI- 
TORS, Must be capable of designing complete line 
Should be familiar with manufacturing techniques and 
controls. Will report to Plant Manager. Location 
South-central. Salary open. Please reply in con- 
fidence to Box 491. 


ELECTRICAL ENGINEER—Electrical Engineer in- 
terested in electrical design of power plants or industrial 
plants. Experience not required Exc ellent opportu- 
nity with consulting engineering firm in Middle West 
Liberal benefit plans and good working conditions 
Send resume of education and experience with state- 
ment of salary requirements to Box 492 


ELECTRIC UTILITY EXECUTIVE—A large engi- 
neering and construction firm in Eastern Pennsylvania 
is looking for a man who has been, or is now, engaged 
by an electric utility company in the capacity of senior 
or junior executive. His primary duty will be that of 
contacting executives and officials in the Utility field to 
promote relations and solicit inquiries for engineering 
and construction services in connection with 20wer 
plant expansion programs. Applicants should be free to 
travel and have high order of — nal responsibility in 
work and client relationships Salary open. Write out- 
lining personal history and work experience. Please in- 
clude telephone number. Box 493 


ELECTRICAL ENGINEER with M.S. or B.S 
to 5 years experience. Major oil company. To work 
as Staff Engineer in Production Department. Includes 
various Electrical Engineering Studies especially cor- 
rosion and oil field electrification problems. Replies 
confidential. Please submit resume of background and 
experience to The California Company, 800 Cali- 
fornia Building, New Orleans, Louisiana 


and up 


INSTRUCTOR AND PROFESSORIAL RANK 
TEACHERS a in electrical engineering st arting 
February 1, 1957 xtensive graduate program an 
research activities. Location—Pennsylvania. Box 49 


Positions Wanted 


ASSISTANT UTILITIES ENGINEER of municipal 
electrical and water system—B.E.E. degree (Power 

desires managerial or similarly responsible position with 
municipality or co-op. Immediate availability. Box 4 


ENGINEER—B.S.E.E. Power, Eta Kappa Nu, 35, 
family, 2 years instrumentation, 5 years general electrical 
utility distribution engineering, 3 years in charge sys- 
tem operation and maintenance medium-sized municipal 
utility. Available January 1, 1957. Prefer challenging 
position with emphasis on management in West or de- 
sirable foreign country Box 495, 





A.LE.E. TRANSACTIONS back Ss 9 wanted to 
buy for cash and other periodicals—E. E. ASHLEY, 
East 21st Street, New York 10, New York 


ELECTRICAL ENGINEERING 





ENGINEERS! 


WESTINGHOUSE now offers you 
immediate opportunities to 


solve problems in atomic propulsion 


Work in nuclear energy with 
the company that powered 


the Nautilus ... first atomic sub! 
NO DELAY IN AWAITING SECURITY CLEARANCE 


New ground-floor opportunities are now open at Westing- 
house to break into vital atomic work. Join a fast-growing 
department which purchases, through subcontractors, the 
atomic equipment needed for submarines and surface craft. 

Assignments involve broad responsibility — from prepara- 
tion of specifications for components, through fabrication 
and testing, supervising quality, delivery to shipyards, and 
putting equipment into actual operation. 

Westinghouse invites you to join this challenging activity 
— whether you are a professionally established engineer, or 
just starting your career. Relocation allowances and unique 
automatic annual salary increase plan, in addition to merit 
increases, 


IMMEDIATE OPPORTUNITIES FOR: 
ELECTRICAL ENGINEERS — with experience in instru- 
mentation, design and application, controls and 
electro-mechanical devices. 


SEND YOUR Mr. John D. Batey, Dept. 111, 
RESUME TO: Westinghouse Electric Corp., 
P. O. Box 1047, Pittsburgh 30, Pa. 


Westinghouse 


FIRST IN ATOMIC POWER 


NOVEMBER 1956 








New York 
8 West 40th St. 


Chicago 


Four Founder Societies for its b 


ENGINEERING SOCIETIES 
PERSONNEL SERVICE, INC. 


84 East Randolph St. 


This placement service is sponsored by the 
Why 





not make use of it? 
profit organizati 





yp 


the rates listed by the Service. 





It is operated as a non- 
if placed as 
a result of these listings, agree to pay a fee at 
All replies 
should be addressed to the key numbers in- 
dicated and mailed to the New York office. 
Please enclose six cents in postage to cover 


(Agency) 


San Francisco 
57 Post St. 


Detroit 
100 Farnsworth Ave. 


cost of mailing and return of application, 

Two weekly bulletins of engi § posi- 
tions open, one covering positions on the 
Pacific Coast and the other covering Mid- 
western and East Coast itions, are published 
and each is available to bers at a subscrip 
tion rate of $3.50 per quarter or $12.00 per 
annum, and to nonmembers at $4.50 per quarter 
or $14.00 per annum. 

















Men Available 


STAFF OR MAINT. ENGR; BSEE; 29; 41/2 yrs 
elec.-mech engrg and maint in the mining industry 
2 yrs util des and constr; 3 yrs military electronics 
Prefers to locate in lower Michigan but will consider 
midwest or west. E-882-580-Chicago 


RESEARCH ENGR, Elec. Conductors; BSEE; 38; 
wishes association with program leading to new devpmts 
in materials used in trans and distr of elec pwr; 10 
yrs public util trans-distr engr; 5 yrs military wire com- 
munications. Location immaterial. E-883-San Fran- 
cisco 


PLANT ENGR, BS in EE; 42; experd in constr, 
maint, opern of light and heavy indus elec eqpt, sub- 
stations, trans and distr (3 yrs. large underground copper 
mine and reduction plant Location immaterial 
E-884 


Positions Available 


SALES ENGINEERS, 2, graduate electrical, to sell a 
complete line of servo motors and component parts 
Salary, $7500-$10,000 a year. Territories: West New 
York State, Pennsylvania and Ohio and Pacific Coast. 
W-3806. 


ELECTRICAL ENGINEER, graduate, with from two 
to three years’ experience, to handle engineering jobs 
for manufacturer of motors and generators. Salary, 
$7000-$8000 a year Location, Connecticut. 'W-3829 


ENGINEERS. (a) Electrical Engineers for electrical 
control equipment; graduates, for from six to 12 months 
training period preparatory to assignment to develop- 
ment, application or control engineering duties. Base 
starting salary, depending on experience, $5100-$8400 
a year. Give salary requirement when applying. (b) 
Field Sales Engineers, graduate electrical, for company 
in the control field. Job requires participation in appli- 
cation and service of custom built motor control for 
heavy industry. Will be given intensive training course. 
Give salary requirements when applying. Company 
will pay placement fees. Location, Ohio. W-3849 


PERSONNEL SUPERVISOR, mechanical or electrical 
graduate, with at least five years’ supervisory staff liaison 
and recruiting experience in electro mechanical equip- 
ment field. Salary, $15,000 a year. Location, New 
York area. W-3868 


SALES SUPERVISOR, under 30, graduate electrical, 
with sales experience in the electrical field. Will be 
responsible for sale and distribution of mica and varnish 
cambric insulating materials in the northeastern section 
of the U. S. Will also supervise clerical and adminis- 
trative staff in home office. Considerable time will 
be spent visiting customers and engaging in liaison work 
with sales staff. Starting salary open. Headquarters, 
Conn. W-3889 


PROFESSOR, electrical graduate, with teaching and 
industrial experience, to head up electrical engineering 
program for non-electricals, covering circuits and ma- 
chines through electronics and instrumentation. Salary 
and rank commensurate with training and experience 
Location, upstate New York. W-3915(a) 


ELECTRICAL ENGINEER, graduate, about , 
with several years’ experience in the operations of a 
utility company in production, transmission, and dis- 
tribution and some administrative experience or po- 
tential. Excellent opportunities for advancement 
Location, Latin America. F-3929 


100A 


ELECTRICAL INDUSTRY TECHNICAL AD- 
VISER for Metals Trade Industry Center; graduate 
electrical engineer, thoroughly grounded jn basic 
theory in order to solve problems connected with small 
motor manufacturing. hould have about ten years’ 
manufacturing experience, principally in the small 
motor field; must have broad experience in planning 
production; selection of machinery and equipment; 
manufacturing methods; rough cost estimating and 
supervision of employees. Salary open; about 5% 
increase over best rate in past few years, plus 20% ad- 
dition to base pay for period actually spent on assign- 
ment; U. S. currency. Transportation for family; 
free housing. Will work for American contractor on 
technical assistance program. Location, Far East. 
F-3933 : 


PROJECT ENGINEER, electrical or mechanical 
graduate, with at least eight years on electro-mechanical 
devices including servos and transistors. Salary, 
$8000-$10,000 a year. Location, New York, N. Y 
W-3947(a 


CHIEF SYSTEMS ENGINEER to assist in organiza- 
tion and direction of a new engineering group for engi- 
neering systems from development through production 
phase; B.S.E. or M.S.E., preferably with concentra- 
tion in electronics, servo mechanisms and/or physics. 
Must have experience in design and development of all 
types of airborne analog computers and servo mecha- 
nisms for control purposes; must be familiar with aero- 
dynamic parameters and their use in control computers; 
should be familiar with general military specifications 
for avionic equipment, including environmental and 
performance requirements. Salary open. Company 
will pay placement fees and relocation expenses. Lo- 
cation, eluben New Jersey. W-3954. 


DIRECTOR for new product development, graduate 
electrical, under 50, with at least ten years’ responsible 
experience in the field of electronics and proven record 
of accomplishment in both design work and super- 
vision; experience in development and manufacture of 
electronic components and specifically of capacitors is 
highly desirable. Should be capable of estimating 
manufacturing costs, predicting development progress 
and evaluating product marketability. Salary open 
Location, Somecheantte. W-3956 


SALES ENGINEERS, young, electrical graduates or 
equivalent, with sales experience, to sell electrical 
testing instruments. Salary, $5000-$7000 a year 
Locations: one for Chicago, Ill., and one for Phila- 
delphia area. W-3963. 


EDITOR, electrical engineering graduate, with at least 
five years’ broad industrial experience covering electrical 
equipment in manufacturing and process industries. 
Salary, $7000-$8000 a year. Location, New York, 
N.Y. W-3970 


ELECTRICAL ENGINEERS. (a) Senior Electrical 
Engineer for development work, graduate, with a mini- 
mum of five years’ experience in the design and develop- 
ment of small precision electromechanical devices for 
military applications; familiar with military specifica- 
tions. Knowledge of servo systems very desirable. 
Must be capable of preparing sales estimates and quota- 
tions. Salary, $9000-$11,000 a year, depending upon 
experience and qualifications. (b) Electrical Engi- 
neer, graduate, for development work, with a minimum 
of two years’ experience in the design and development 
of small precision electromechanical devices for military 
applications, Will assist senior engineer. Salary, 
$7000-$9000 a year, depending upon experience and 
qualifications. Company will pay placement fees. 
Location, Long Island, N.Y. W-3979 


EDITOR, graduate electrical engineer, to 40, with 
electric utility experience. Some editorial or writing 
experience desirable. Salary open. Location, New 
York, N W-3998. 


INSTRUMENT APPLICATION ENGINEER, under 
65, degree in electrical or mechanical engineering, with 
instrumentation experience in heavy chemical plants. 
Five years’ experience in design of systems, maintenance 
and installation. Supervisory experience desirable. 
Will be responsible for selection of equipment for instru- 
mentation systems for new plant. Supervise instru- 
ment draftsmen working on installation drawings. 
Salary open. Location, California, W-4018. 


ELECTRICAL ENGINEER, 30-45, degree in electrical 
engineering, with a minimum of five years’ in a heavy 
chemical plant. Must be familiar with controllers, 
motors, distribution ,systems, etc. Will be responsible 
for reviewing electrical drawings for new chemical 
plants and me Bo a as to changes for efficient and eco- 
nomical installations. Will act as liaison engineer be- 
tween architect engineer and employer. Salary open. 
Location, California. W-4019(a). 


ELECTRICAL OR MECHANICAL ENGINEER, 
graduate, 38-44, with broad knowledge of air condition- 
ing equipment and with five to ten years’ experience 
with subcontractor on estimating, design and construc- 
tion of complete systems. Competent to analyze 
drawings and specifications, analyze bids and partici- 
pate in closings. Must have reputation for technical 
competence. Salary, $18,000-§$20,000 a year. Loca- 
tion, East. W-4020. 


STAFF ENGINEER, graduate electrical, 26-35, to 
handle electrical problems associated with plant engi- 
neering. Must have strong mechanical beukground in 
order to develop competency for complete machine 
design of special purpose machine tools and process 
equipment, with particular emphasis on the associated 
electrical and hydraulic controls necessary for automa- 
tion, Salaryopen. Location, Pennsylvania. W-4031 


ELECTRICAL ENGINEER, 25-50, graduate electrical 
with a minimum of five years’ experience in industrial 
electrical engineering work. Must have experience in 
range drive and control work; experienced in board 
work and willing to do some board work. Position is in 
Central Engineering Department. Salary, to $7200 a 
year. Location, Newark, N. J. area. W-4036(a). 


CHIEF DEVELOPMENT ENGINEER, electronics, 
to take charge of the development of electronic instru- 
ment work on temperature pressure, liquid flow, re- 
cording instruments. Salary, $10,000-$15,000 a year 
Location, New York State. W-4039. 


ELECTRICAL ENGINEERS, (a) Electronics Re- 
search Engineer, graduate electrical, specializing in 
electronics, with four to seven years’ industrial or 
research experience. Experience in radar, television or 
oscilloscope, design and development desirable. Will be 
responsible for circuit design of pulse networks, in- 
cluding non-sinusoidal applications such as saw-tooth, 
Square wave, rectangular wave, etc. Salary, $7000 
$9000 a year. (b) Electronics Research Engineer, 
graduate electrical, specializing in electronics, with four 
to seven years’ industrial or research experience. Will be 
responsible for design of test equipment. Experience 
in wide-band oscillographs, spectrum analysers or square 
wave generatorsdesirable. Salary, $7000-$9000 a year 
Location, northern New Jersey. W-4044. 


TEST EQUIPMENT ENGINEER, young, with 
heavy background in electronic circuits and controls 
and experience in test gear; amateur radio helpful 
Will work on development of test equipment by applica- 
tion of electronic cad sechasiosl circuits and principles; 
supervise and conduct experiments for Coepent 
and improvement of test equipment, etc. Salary, 
$5772-$6240 Pennsylvania. W- 
4054. 


a year. Location, 


ELECTRICAL ENGINEER with administrative 
background and knowledge of design, for overseas 
assignment. Salary, $7800-$10,200 a year, plus over- 


seas differential of 25%. Location, Korea. F-4066 


ELECTRICAL ENGINEERS. (a) Designer, electri- 
cal, for electrical design on chemical and industrial 
Jlants. Salary, to $8700 a year. (b) Electrical 
Yraftsmen for electrical layouts on chemical and in- 
dustrial plants. Salary, to $7500 a year. Location, 
New York, N Y. W-4067. 


PROJECT ENGINEER, graduate electrical, with five 
years’ experience in design and installation of secondary 
network power centers; industrial power and lighting 
Will be responsible for design and layout of electrical 
systems; preparation of contract drawings and speci- 
fications; checking contractors’ drawings; making in- 
stallation inspections; making plant power and lighting 
surveys; preparation of reports and recommendations. 
Should have knowledge of code and utility requirements; 
knowledge of techniques of specifications and report 
writing. P. E. license desirable. Salary open. Lo- 
cation, Newark, N. J. W-4080. 


ELECTRONIC APPLICATION AND INSTALLA- 
TION ENGINEER, 35-55, with at least five years’ in 
utilization of carrier or telephone or telegraph equip- 
ment; know communications systems. Will do field 
work on application and installation of field equipment 
based on original survey. Salary, to $11,000 a year. 
Employer will pay placement fee. Location, Foreign 
and Domestic. C-5299. 


ELECTRICAL ENGINEERING 





ELECTRONIC SENIOR ENGINEER, electrical 
graduate, to 50; five years’ design, development and 
system analysis of radar communications, etc.; know 
military electronics. Will design equipment, develop 
processes and conduct research. High degree of in- 
dependent thinking required; for a manufacturer of 
electronics. Salary, $7000-$11,000 a year. Em- 
ployer will pay fee. Location, upstate New York. 
C-5434, 


JUNIOR ELECTRONIC ENGINEER, electrical 
graduate, to 50; with at least one years’ development or 
design on electronic equipment and/or systems. Know 
military electronics. Will conduct environmental test- 
ing of equipment, checking for performance, making 
reports. Salary, to $7700 a year. Employer will pay 
fee. Location, upstate New York. C-5435, 


COMPONENT ENGINEER, electrical graduate, to 
50; with at least one year’s experience in design, testing 
or application of resistors, capacitors, filters and similar 
components; know military electronics. Should have 
ability to carry out a project with a minimum of super- 
vision; able to discuss project with others and make re- 
| Salary, to $10,000 a year. Employer will pay 
ee. Location, New York,N. Y. C-5436, 


SENIOR ELECTRONICS DEVELOPMENT ENGI- 
NEER, 25-45, with at least three years’ in transistor 
circuitry design or development; know servo amplifiers 
and servo mechanisms Nill direct development pro- 
gram for transistor circuitries for oummennneine a manu- 
facturer of electronics. Salary, $10,000-$14,000 a year 
Employer will pay placement fee. Location, Wisconsin 
C-5564. 


COMPUTOR DEVELOPMENT ENGINEER, 25-45, 
with at least three years’ in aerodynamics for jet air- 
craft; know synchros, servos, kick-off and ray generators 
Will develop airborne analog computors for a manufac- 
turer of electronics. Salary, $10,000-$12,000 a year 
Employer will pay placement fee. Location, Wisconsin 
C-5565. 





NOTE: Closing date for material to be 
set in the classified advertising column, as 
well as cancellations for running ads, must 
be received not later than the first of the 
month preceding issue; 


i.e., duly first 


for August issue. 











ELECTRICAL ENGINEER, BSEE, 30-50, with five 
years’ experience in design of industrial lighting and 
electrical power installations; know chemical and proc- 
ess industry. Will act as project engineer handling all 
phases of electrical work for new vege and the expan- 
sion of present plant facilities. Also making up surveys 
and preparation of reports on existing plant electrical 
services. Limited travel. Company manufactures 
paint. Salary, to $8500 a year. Employer will pay 
placement fee. Location, Chicago, Ill. C-5622. 


PRODUCT DESIGNER, Flashlights, to 40, with at 
least five years’ in production tooling or production engi- 
neering; know metal forming, drawing, stamping, 
fabrication and assembly. Duties will be to design 
flashlights and related products for mechanized pro- 
ductions. Salary, to $8400 a year. Employer will pay 
placement fee. Location, Wisconsin. C-5629. 


MONOCHROME T. V. RECEIVER ENGINEER, 
electrical graduate, 30-50, with at least three years’ in 
all phases of T. V. design and simplifications; knowledge 
of semi-conductors and wide angle considerations help- 
ful. Will provide technical guidance for electronic 
component circuitry to insure optimum performance and 
compatibility; for a manufacturer ofelectronics. Salary 
to $7800 a year. Employer will pay placement fee 
Location, Chicago, Ill. C-5643. 


ELECTRONICS SYSTEMS ENGINEER, graduate 
electrical, physics or math, with at least three years’ 
experience on development of servomechanisms, 
electronics or instrumentation on airborne controls 
Will do project work in development on above men- 
tioned types of controls for a manufacturer of turbo 
jets. Salary, to $10,260 a year. Employer will pay 
placement fee. Location,Ohio. C-5645. 


ELECTRICAL DESIGNER, graduate, 30-45, with at 
least five years’ experience on heavy electrical equip- 
ment application; know motor control from 5-500 H 
Will design and develop control applications, improving 
present design, carry out experimental work and super- 
vise small crew of draftsmen. Company manufactures 
heavy machinery. Salary, $7800-$10,800 a year 
Employer will pay placement fee. Location, Wisconsin 
C-5666. 
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Picture of a young man 


Planning a 
Successful Future! 


Success doesn’t just happen to a 
company or to an individual. Success 
comes as a result of clear thinking and 
long-range planning. 

And that is just what the young 
engineer in the picture is doing. He 
is studying the many possibilities of a 
career in guided missiles. 

The book he is reading is entitled 
“Your Future in Guided Missiles with 
Bendix”. It is one of the most complete 
guides to job opportunities in the 
guided missile field. It also contains a 


detailed background of the functions 
of the various engineering groups such 
as systems analysis, guidance, tele- 
metering, steering intelligence, com- 
ponent evaluation, missile testing, 
environmental testing, test equipment 
design, reliability, propulsion and 
other important engineering 
operations. 

Here is exactly the type of informa- 
tion that every ambitious engineer 
should have if he is concerned about 
his future. A copy of this thirty-six- 
page book is available to you. Just 
fill in the coupon. It may help you plan 
your successful future. 


BENDIX PRODUCTS DIVISION 
MISSILE SECTION 
407C, Bendix Drive, South Bend, Indiana 


Name 


Prime Contractor 
for 
TALOS MISSILE 


City 


| 
| 
| Address 
| 
| 
| 


State 


Please send me a copy of the book 
“Your Future in Guided Missiles.” 


ci care ai esis lava la in daphne inate 
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ENGINEERS. 


.. PHYSICISTS 


JEW opportunities at 
otorola in Chicago 


aT 


give yourself and your family 
all the big city advantages ata 
relaxed midwest pace, while you 

ADVANCE YOUR CAREER 


Outstanding career opportunities are 
waiting at the many Motorola research 
and development laboratories inthe 
Chicago area. This is your opportunity 
to advance your career with a swiftly 
expanding company, working in the most 
modern and well instrumented labora- 
tories . . . with liberal employee benefits, 
including an attractive profit sharing 
plan and association with men of the 
highest technical competence. 

You'll like living in one of the beautiful 
suburbs of the playground of the mid- 
west, where there are endless social, 
cultural, and educational activities to 
choose from the year-round. Exciting life 
or quiet life—Chicago offers either. 





POSITIONS AVAILABLE IN: two-way Communications « missile electronics 
e radio & TV (color) * weapons systems « computer application & 
design « transistor research & production « microwave systems « 
servo-mechanisms « physical chemistry « metallurgical eng. « field 
eng. « electronic sales eng. « drafting, design, & layout « aerophysics 


« radar & military electronics. 
write Mr. L. B. Wrenn, Dept. 


ALSO 


PHOENIX, ARIZ. Outdoor, relaxed liv- 
ing the year-round, with lots of room to 
grow (on the job and off) in this land of 
sunshine. 


RESEARCH 
LABORATORY 


SEMI-CONDUCTOR 
LABORATORY 


write to: write to: 

Mr. R. Coulter Mr. V. Sorenson 
Dept. D Dept. D 

3102 N. 56th St. 5005 E. McDowell Rd., 
Phoenix, Ariz. Phoenix, Ariz. 





D, 4501 Augusta Bivd., Chicago 51, Ill. 


there are excellent opportunities in 
PHOENIX, ARIZ. and RIVERSIDE, 


CALIF. 


RIVERSIDE, 
CALIF. 

Planned communi- 
ties, modern shop- 
ping centers, ad- 
vanced schools, fine 
buys in homes. 
There’s room to 
grow and more fun 
in Riverside. 


write to: 

Mr. C. Koziol 
Dept. D 

Box 2072 
Riverside, Calif. 


See... fa ee a ek. . ne ee ae 
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DESIGN & 
OPERATION 


E | career p are open to men 
with the necessary experience and ability by 
large, long established service and supervisory 
organization for large group of electric utilities 
located in Latin America. 

POSITIONS ARE IN NEW YORK 
With some infrequent, short trips to South 
America 

Varied and _ interesti 
ments with responsibility in = oo eB, elds 


ELECTRICAL 
years design experience involving sub, 
vee ing and generator stations. 2 years 
board drafting experience desirable. Should 
have had supervisory experience on projects 
ELECTRICAL ASST 

5 years design & engineering of sub. & switch- 
ing stations, 2 years board drafting experience 

also desirable. 

DISTRIBUTION 
5-10 years transmission & distribution experi- 
ence. Saoeree onmeee systems, _ = 
it iso 


+i 











d lin 
short . prvean ty ‘Galsabions on their systems. 


Positions are og with ample opportunity 
for ad in and earning 


Liberal company benefits 


Send detailed resume and salary requirements 
to Corporate Personnel 


AMERICAN AND FOREIGN 
POWER COMPANY, INC. 


2 Rector Street New York 6, New York 
Personnel Dept. DI 4-4400 14 Floor 











Electrical 
Engineers 
Designers 


Otfers you immediate long range engineer- 
ing opportunity in 


San Francisco 


or 


Los Angeles 
California 


Engineers, designers and draftsmen required 
with the following experience: 


Electrical Substation 
Hydro-Electric Power Plant 
Steam Electric Generating 

Station 


Liberal relocation allowances for you and 
your family 
Send Resume to 
Manager of Employment & Placement 
Industrial Relations Division 


BECHTEL 


CORPORATION 
220 Bush Street 


San Francisco 4, Calif. 


For an immediate personal interview you may phone 
Paul Keating, Plaza 7-4400, New York City 

Joe Braddick, Fairfax 3-2401 Houston, Texas 

Bill Milligan, Tucker 1549 Los Angeles, Calif. 

Don Palmer, Douglas 2-4032, San Francisco, Calif. 


MOTOROLA 
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ELECTRO- 
MAGNETICS 


~ GM 
INERTIAL GUIDANCE 
SYSTEM PROGRAM 
ELECTRONICS DIV., 


Milwaukee 2, Wis. 
* 


We seek one qualified, 


graduate engineer for 


COMPONENT DESIGN 


and DEVELOPMENT 


Desirable experience and background 
would be the design and development of 
magnetic amplifiers, pick offs and special 
motors. 

We are engaged in a Major, Perma- 
nent, Expansion Program and can offer 
the right man a top starting salary with 
virtually unlimited opportunity for ad- 
vancement. New plant facilities under way 
in suburban Milwaukee. 

AC has arranged a Master’s Degree 
Program, available evenings, University 
of Wisconsin, Milwaukee. AND AC pays 
ALL tuition expenses! 

GM’s Electronic Division’s aggressive 
position in the field of manufacture and 
GM’s long standing policy of decentrali- 
zation creates individual opportunity for 
every Engineer hired. 

Your family, too, will enjoy Milwau- 
kee. We have the cultural and shopping 
advantages of the big city in a community 
famous for its small town hospitality. Our 
housing is what you have always wanted— 
good, solid family living. 

To arrange personal, confidential in- 
terview in your locality send full facts 
about yourself today to 


Mr. John F. Heffinger 
a of Salaried Personnel 
Electronics Div. 
General Motors Corp. 


Milwaukee 2, Wis. 
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ONE OF A SERIES — depicting electronics — ‘Yesterday, Today and Tomorrow” 


Spanning the spectrum 


It’s a big step from Edison's light bulb to DeForest’s “audion” . . . 
a shorter step from the “audion” to the klystron tube. In bridging the 
gaps, scientific frontiersmen have founded a new industry. The growing 
applications of electronics are creating a fantastic industrial revolution. 
These developments are not only changing the weapons concept, but 
also the very basis of our civilization. 


Bell Aircraft is a leader in electronics among the aircraft industries. Its 
achievements span the spectrum in the electromagnetic field. Intricate 
missile guidance systems, remote-controlled aircraft, landing systems for 


aircraft, and the recovery system used in several missiles are among 


Bell’s notable advances. 


To the engineer desiring top assignments . . . assignments requiring 
creative thinking . . . Bell offers an unparalleled opportunity for pro- 
fessional achievement. New contracts on missiles and other projects 
have created openings in our electronics staff for progressive minds 
seeking advancement. For the engineer with a B.S. or advanced degree 
interested in scientific frontiers contact . . . 


ELECTRONIC ENGINEERS © Manager Engineering Personnel Dept. | 
SERVO ENGINEERS _ ae Pe eee 
INSTRUMENTATION ENGINEERS 


LABORATORY ENGINEERS 4 D 
TEST EQUIPMENT DESIGN ENGINEERS a D 


MISSILE SYSTEMS TEST ENGINEERS eal Z be eesenemanen 
P.O. Box 1 C 
TRE. eee 


Buffalo 5; N. Y. RETO PEE, Se 





HOW FAST CAN AMERICA STRIKE BACK? 


America’s defense is keyed to halt aggression 
almost as soon as it starts. In seconds, bombers of 
our Strategic Air Command, guided by a new 
bombing and navigational system, will be able 
to take to the air, seek out, and smash any 


threat of war aimed in our direction. 


Heart of this new bombing and navigational 
equipment is an electronic computer, built 

by IBM. With a speed and accuracy never before 
possible, this computer sifts through reams 

of flight and target data, translating them into 


vital facts for a safe and successful mission. 


Careers unlimited 

If you are an engineer or a technician, perhaps 
you would like to work on similar computers 
for business, government and science—as well 
as for defense. IBM offers unequalled career 
opportunities in this virtually “unlimited” 


field of electronics. 


Many IBM benefits 

In addition to excellent starting salaries 

and on-the-job training with pay, IBM offers 
a chance for rapid promotion through its 
individual merit recognition system. You'll 
work in some of the choicest locations in 

all America and enjoy the advantages of IBM’s 


industry-famous employee-benefit policies. 


Write, 

outlining your background and interests, to: 
R. A. Whitehorne, Room 311, International Busi- 
ness Machines Corp., 590 Madison Ave., New York 
23. N.X. 

IBM Laboratories at Endicott, Owego, Pough- 
keepsie and Kingston, N. Y., and San Jose, Calif. 


Entice 


Sy _ bed - y ei 





DATA PROCESSING INTERNATIONAL 
ELECTRIC TYPEWRITERS BUSINESS MACHINES 


TIME EQUIPMENT CORPORATION 
MILITARY PRODUCTS 
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Electrical Engineers 
Physicists 


Armour Research Foundation, one 
of the nations oldest and largest 
independent research organizations, 
has openings at all levels of experi- 
ence for graduate scientists in 
Tucson, Arizona or Chicago. Some 
of the areas of particular interest are: 


Communication Systems 
Radar & Radio 

Microwaves 

Antennas & Propagation 
Electronic Countermeasures 
Electronic Components 
Operations Research 
Computer Development 


At the Foundation you advance 
professionally through: 


@ Varied & challenging scientific 
work. 

@ Association with highly com- 
petent research scientists. 

@ Liberal educational benefits 
for graduate study. 

@ Compensation to match your 
abilities & generous fringe 
benefits. 


Send resume to: 
J. A. Metzger 
ARMOUR RESEARCH 
FOUNDATION 
of Illinois Institute of Technology 


10 W. 35th St. 
Chicago 16, Illinois 








TRANSMITTER 
DESIGN 
SUPERVISOR 


Suburban New Jersey firm needs a 
man to supervise a small group of 
engineers engaged in transmitter 
design, He should have 8-10 yrs’ 
experience in High Power UHF or 
VHF television transmitter design 
and be capable of providing tech- 
nical and administrative direction 
for the group. Degree in Elec- 
trical Engineering _ preferred. 





Company offers modern, air con- 
ditioned facilities and excellent 
benefit program. 
For details, call collect — Mr. 
Brown, Moorestown, N. J., 
BElmont 5-5000. 


If unable to phone, write to: 
Box 497 


ELECTRICAL ENGINEERING 
500 5th Avenue, New York 36, N. Y. 
< 4 
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COMPUTERS 


If you are an experienced computing analyst—or 
if computing and data reduction are new to you 
but you are a qualified engineer — there is inter- 
esting work as well as a bright future for you in 
Northrop Aircraft’s growing Computer Center at 
Hawthorne, California. 

Applied mathematicians and engineers are 
needed as computing analysts for assignment to 
Northrop’s analogue computing facility, as well as 
the newly expanded digital electronic computer 
department which provides unparalleled service 
in the practical solution of complex engineering 
problems. 

Northrop has many openings on its other proj- 
ects having to do with jet aircraft and missile de- 
sign. They include positions for electronics and 
electro-mechanical engineers and lab technicians. 
In addition to attractive compensation, Northrop 
offers benefits unexcelled in the airframe industry 
as well as helpful cooperation by forefront engi- 
neers for your professional advancement. 

You'll like the comfortable working conditions, 
friendly people and modern equipment at North- 
rop. And you and your family will be living in 
Southern California where sea, mountains and 
desert offer year ‘round recreation. 

If you qualify for any phase of computer 
research, design or application, we invite you to 
contact the Manager of Engineering Industrial 
Relations, Northrop Aircraft, Inc., ORegon 8-9111, 
Extension 1893, or write to: 1015 East Broadway, 
Department 4600-R Hawthorne, California. 


NORTHROP 


NORTHROP AIRCRAFT, IN‘ 
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SPEAKING 
Can Be Easy 


...+ for Engineers, too 








A concise, practical, pocket 
size illustrated manual for bet- 
ter speaking and meetings. 
Organized for your greatest 
convenience in preparing and 
delivering effective oral presen- 
tations and in conducting in- 
teresting meetings. Printed in 


two c lors. 


Among other subjects, this 
manual includes: selecting the 
type of presentation, planning 
and preparing, attention pat- 
terns, platform manners, visual 
aids, microphone techniques, 
effective chairman, introduc- 
tions with a punch, handling 
the questions, panel discus- 
sions, and bigger and better 


audiences. 


Copies are 
available at 50 
cents. Special 
discounts in 


| Speaking 
lots of 100 or Can Be Easy 


on eo 


more, 


Engineers’ Council for Profes- 
sional Development at 29 West 
39th Street, New York 18, 
N. Y. Please send me 

copies “Speaking Can Be 
Easy.” Payment is enclosed. 


Name: 


Address : 








electrical 
engineers 


are constantly developing new ideas at 
Lincoln Laboratory. Our folder tells some- 
thing about the work we do in basic 
research and development in such 


projects as: 





SAGE 
semi-automatic ground environment 


AEW 
air-borne early warning 


SCATTER COMMUNICATIONS 
WHIRLWIND COMPUTER 


TRANSISTORIZED 
DIGITAL COMPUTERS 





MEMORY DEVICES 
HEAVY RADARS 
SOLID STATE 


| 
i 











If you are interested 


in learning ™ 
about us, simply 

0: 
address your request t 


ore 





RESEARCH AND DEVELOPMENT 


M I T LINCOLN LABORATORY 


Box 6, Lexington, Massachusetts 
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ASSISTANT PLANT ENGINEER 


Should be familiar with heavy industrial and processing 
equipment. Some construction supervision and_ field 
inspection. Must be able to meet and get along well with 
others. This position in a pleasant community in the 
Southwest offers an exc eptional future to the right man. 
Applicant must be graduate engineer, preferably electrical 
or mechanical, and qualified for State registration with 5 
to 7 years experience in general engineering, maintenance, 
and construction in heavy industrial operations. Begin- 
ning salary commensurate with experience and qualifica- 
tions. Forward resume and salary requirements to: 


Box 488 
ELECTRICAL ENGINEERING 


500 Fifth Ave. 
New York 36, N. Y. 











SALES PROMOTION 
and AD MANAGER 


One of America’s leading manufacturers of 
lighting fixtures is seeking the services of a top- 
flight sales promotion and ad manager, preferably 
with experience in the lighting industry. Fine 
starting salary and plenty of room for growth if 
you’re the man for the job. Tell us all about 
yourself—send complete resume to: 


BOX 489 
ELECTRICAL ENGINEERING 
500 Fifth Ave. New York 36, New York 


AND 
Opportunities for 


project engineers, tech- 
nical specialists, and 
design and analytical 


personnel on high 


speed aircraft, missiles, 
and the EARTH 
SATELLITE. 


Opportunities are available in the following fields: 





SERVO ANALYSIS ANALOG COMPUTERS 
AUTO PILOT DESIGN & ANALYSIS 
INERTIAL NAVIGATION SATELLITE CONTROLS 
MAGNETIC AMPLIFIERS 
AUTOMATIC PROCESS CONTROLS 


Contact Professional Employment Office 


MARTIN 


Baltimore 3, Maryland 








ELECTRICAL ENGINEER 
TRANSMISSION SYSTEM DESIGN 


Prefer 40-55 years of age. Extensive design experience on trans- 
mission lines and large substations up to 230 KV. Consulting engi- 
neering and large electric utility background highly desirable. 
System planning, construction and operation, and industrial plant 
design helpful. Supervisory experience with professionally trained 
personnel and proven ability in employee and client relations 
essential. Staff position in Home Office. Some travel. Exceptional 
opportunity with progressive firm. Liberal employee benefits in- 
cluding insurance and retirement plan. 


Please write fully to 


SVERDRUP & PARCEL, INC, 
915 Olive Street St. Lovis 1, Mo. 


ESSO ENGINEERING IS EXPANDING 
ELECTRICAL ENGINEERS NEEDED 


Career openings available in long range expansion pro- 
gram. Work involves surveys, investigations and design, 
with occasional follow-up of construction. 

Prefer men of high scholastic rating and with one to seven 
years experience. There are also a number of openings for 
very recent graduates. Both Bachelors and Masters degree 
positions are available. Salary commensurate with experi- 
ence and qualifications. 

If you are interested in an opportunity for growth and pro- 
motion with a leader in the petroleum industry, write today 
giving full details of education, experience, desired salary, 
availability date and references. 

All inquiries will be considered promptly and held con- 
fidential. 


ESSO RESEARCH AND ENGINEERING CO. 
Esso Research Center 
Employee Relations-C 

P. O. Box 51 Linden, N. J. 











SALES ENGINEERS WANTED 


Excellent opportunities for engineers with well estab- 
lished East Coast Industrial Instrument Manufacturer now 
expanding branch office coverage. 

Electrical, Mechanical, or Electronic Engineers preferred. 
Openings in Oregon, San Francisco, St. Louis, and 
Detroit. 

Generous company paid benefits include hospitaliza- 
tion, pension, insurance, and vacation plans. 


Box 487 
ELECTRICAL ENGINEERING 
500 FIFTH AVENUE 
NEW YORK 36, N. Y. 











PROJECT ENGINEER 


Project Leader for development and design of 
compression type connectors and fittings for 
power and telephone line splices and taps. Will 
supervise drafting and testing personnel. E. E. 
degree with experience in design. Offering top 
salary, annual cash bonus, profit sharing and 
pleasant living and working environment. Well 
established, growing midwest electrical equipment 
manufacturer offers this fine opportunity. Send 
resume, in confidence, to: 


Box 490 


ELECTRICAL ENGINEERING 
500 Fifth Avenue New } York 36, New York 
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TYPE RD 
DECADE 
REACTOR 


A New Tool For Your 
> Electrical Laboratory 





| 
| 


KVAR | MAXIMUM AMPERES _ os 
eae 0.10 OHMS | 0-100 OHMS | 0-1000 ‘OKMS | 
10.0 =| 3.2 


| 

| RD 1 
| RO 3] 3 17.5 5.5 
D5} 5 
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Provides a convenient means of setting up an 
adjustable reactive load. One of ten reactance steps 
may be selected by turning the rotary tap switch. 
Air gap type cores establish linear characteristics 
and eliminate stray fields. 


Write for Bulletin R-156 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVisDUTY ELECTRIC EXCLUSIVELY 


ORY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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@ A new dual-beam cathode-ray oscillograph 


with facilities for precise observation, comparison 
and measurement of two related:a-c or d-c signals. 


Has two complete vertical amplifiers with response 

flat to d-c and uniform within 30% to 300 ke. 

Amplitude measuring on both channels includes 

16 ranges from 400 volts full scale to only 4 milli- mt + 
volts for full deflection to scale limits. The most : N“\ 
sensitive range permits a-c or d-c measurements in 

the microvolt region. Balanced input is available 

on the seven most sensitive ranges. 

High-level, accurate, calibrated, linear sweeps; 

automatic beam gate; sweeps range from 1 sec./ 

inch to 2 usec./inch in 19 steps common to both 

channels. 


CHaAwwe 


X-amplifier provides up to 20 inches of undistorted yi 


sweep expansion; external horizontal input to 
either or both channels. 


“~, 
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TYPE 296 


Versatile, economical 35 mm 
general-purpose oscillograph 
record camera with f/2.8 
lens. Price $149.50 
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TYPE 299 / 


General-purpose recording 
camera accepts variety of 
backs for 120 size roll film, 
cut film or film pack; inexpen- 
sively converted into print-a- 
minute Polaroid Land camera. 

Price $265.00 


TYPE 302 


For permanent records in just 
a minute with Polaroid-Land 
back; by simple, inexpensive 
change of backs can be adapt- 
ed for general-purpose record- 
ing with other than Polaroid 
films. Price $285.00 


For more information circle 75 on reader service card. 


TYPE 321-A 


Continuous motion or single- 
frame recording on 35 mm 
perforated or unperforated 
film or recording paper; film 
speeds variable in steps from 
0.8 to 3600 inches/minute. 
Price $1050.00 
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J-M Transite Ducts 


go in quickly, easily 


and permanently 


Quick, low-cost installation is promoted by 
Transite Ducts. The light, 10-foot lengths 
are easily handled . . . and readily joined 
with either Transite Couplings or J-M 
Plastic Couplings. Many fittings are avail- 
able to simplify even the most complicated 
installation. The permanently smooth in- 
terior surface of these asbestos-cement ducts 
prevents cable injury, makes long pulls 
possible and simplifies cable replacement. 


Incombustible Transite Ducts confine arc 
damage, protecting adjacent cables from 


heat and flame. Inorganic, nonmetallic, 
Transite Ducts are corrosion-resistant, im- 
mune to rust and rot and unaffected by 
electrolysis. These ducts dissipate heat 
faster, reducing 1?R losses, enable cables 
to carry heavier loads and prolong insula- 
tion life. 


Available in 2 types: Transite Conduit for 
exposed work and installation underground 
without concrete encasement; and Transite 
Korduct for installation in concrete. 


Let us send you more information about Transite Ducts. 
Just write to Johns-Manville, Box 14, New York 16, N. Y. 


JOH NS -MANVILLE 


4%| Johns-Manville TRANSITE’ DUCTS 


RODUCT 
TRANSITE KORDUCT® —for TRANSITE CONDUIT— for exposed work and installation 
installation in concrete underground without a concrete encasement 
110A ELECTRICAL ENGINEERING 


For more information circle 76 on reader service card. 





for Audio and Ultrasonic Frequencies 


Direct Reading 20 cycles to 40 kilocycles 
Audio Spectrum 20c to 20kc in one sweep of dial 


The versatile G-R Type 
1304-B Beat- Frequency 
Audio Generator is the 
best test-signal generator 
for use at both audio and 
ultrasonic frequencies, 


NCREMENT 


Type 1304-B Beat-Frequency Audio Generator: $575.00 
(Available in either bench or relay rack models) 





G-R offers several types of 
simple motor dial drives to con- 
vert the Type 1304-B generator 

«and other manually - operated 
instruments to automatic sweep 
drives. 

The Type 908-P1 is intended primarily for use with a graphic 
recorder since its synchronous motor provides convenient time 
base. Type 908-P2 has higher speed which is particularly suitable 
for limited sweep applications with oscilloscopes. 

Both drives can be attached simply to the main frequency con 
trol in place of the knob. The motors are self-reversing; adjust- 
able stops are provided for the dial to reverse the motor at any 
dial-position desired. 


When used on the Type 1304-B Generator the sweep times are 


Type 908-P1 Synchronous Dial Drive: 50 sec/frequency 
decade or 15 sec/octave. Price: $27.50 


Type 908-P2 Synchronous Dial Drive: 6 
decade or 2 sec/octave. Price: $27.50 


; sec/frequency 





Essentially Constant Output Voltage — continuously variable from 
less than 5 millivolts to 50 volts — between 20 and 
20,000 cycles varies less than +0.25 db 


Logarithmic Frequency Scale — scale length approximately 
12 inches — frequency calibration accurate within 
+(1%+0.5 cycle) 

Extremely Low Distortion — total harmonic content less than 
0.25% from 100 to 10,000 cycles 


High Frequency Stability — drift from cold start less than 7 
cycles in first hour; essentially complete in 2 hours 


Very Low Hum — less than 0.1% of output voltages above 10% 
of full scale 


Accurate Output Voltmeter calibrated in open circuit output volt- 
age and in dbm — used as Zero beat indicator and also 
as frequency calibrator in terms of line frequency 


Dial Can Be Motor Driven with several combinations of G-R Dial 
Drives to plot frequency characteristics secuemaume 
with graphic recorders 


Frequency-increment Dial calibrated +50 to —50 cycles with 
accuracy of +1 cycle 


Balanced Or Unbalanced Output Connections 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A. 


Broad Avenue at Linden, Ridgefield, N. J. NEW YORK AREA 


WE SELL DIRECT 
Prices Gre net, FOB Cambridge 
or West Concord, Mass 


920 S. Michigan Ave. CHICAGO 5 


1150 York Road, Abington, Pa. PHILADELPHIA 


8055 13th St., Silver Spring, Md. WASHINGTON, D. C. 


1000 N. Seward St. LOS ANGELES 38 























Box barrier removed in 35 seconds 


Breaker completely 
exposed for 
maintenance 


——— 





55 seconds 
to remove 
mechanism cover 








EASY ACCESSIBILITY OF GENERAL ELECTRIC METAL-CLAD... 


Cuts Breaker Maintenance to 20 minutes! 


The General Electric Magne-blast circuit breaker is disconnected, 
removed from the enclosure, and the working parts exposed and 
inspected. Then, normal cleaning, adjusting, and lubrication is per 
formed and the unit rolled back into service. The entire operation is 
completed in less than 20 minutes! Equipment handling is safer and 
easier due to the breaker’s low center of gravity. 

Easy accessibility is the key to this reduction in breaker maintenance 
time. It takes only a minute and a half to remove the box barrier and 
the operating mechanism protective cover, and the Magne-blast cir 
cuit breaker is completely exposed for normal maintenance. It is also 
a simple matter to remove the arc chutes—-but this is necessary only 
after years of service when inspection reveals that contact replace- 
ment is required. 

“A Guide to Switchgear Maintenance” will help you minimize 
servicing time. For your copy of this new bulletin see your G-E 
Sales Engineer, or write for bulletin GER-1282 to Section 511-17, 
General Electric Company, Schenectady 5, New York. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 


General Electric... The Most Modern 
Metal-clad Switchgear You Can Buy 


NEW SELF-X INSULATION 





BETTER MOTOR PROTECTION 
EASIER, SAFER HANDLING 
HIGHER RATINGS 

5-CYCLE CLEARING TIME 
EASIER MAINTENANCE 
EXTRA STRONG FRAME 


